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PREFACE 


‘* Our pleasure in pursuing a subject in direct propor- 

tion to the degree of cur mastery of it. Mastery ofa 

subject involves the ability to use it. Solving ne-aerical 

problems is one of the most etfective means for developing 

the ability to make use of the principles of Physics. ’’ 

—E.S. Ferry. 

I, therefore, find it agreat pleasure to offer in the following 
pages a list of problems designed to furnish experience in the 
application of the principles, which a First Year Science student of 
the Bombay University comes across in the study of his subject. 
It is acknowledged that there is a great need felt by the students 
for a collection of problems based on the Syllabus. The students 
have to refer to difficult books, which, however, are full of 
problems beyond their scope. This book is intended to supply 
this want by presenting to the students, problems which are just 
suited to their requirements. 

The problems in this book consist for the most part of exer- 
cises usually framed for class-work during thecourse of the last 
twelve years. To these have been added questions from University 
Examinations and the source from which each question is taken 
is in every case acknowledged. In framing the problems, I have 
kept in view the modern applications of the principles of Physica 
to industry and every-day life and in arranging their sequence, I 
have followed the revised syllabus in First Year Science course of 
the Bombay University. 

Some problems have been fully worked out to illustrate the 
plan of attack in arriving atthe solutions. Hints are given for some 
of the difficult problems, showing the outline of the method and 
enabling the student to think and find out the solution for himself. 
This exercise of conscious reflection wil] obviate the mechanical 
application of the formule. By making intelligent use of various 
physical relations, the student will acquire skill and dexterity in 
solving problems of the types required of him in his examinations 
and will be in a better position as to understand and appreciate 
the subject and its applications. 

As far as possible, I have made an attempt to give at least 
two problems of each particular type, and their total number has 
been so chosen as to leave onough of them for the student to do 
by himself, in addition to those that might be ‘solved in the class 
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room, with pne- period a week on an averags. Problems of an 
advanced type have been marked with an asterisk. 

In the beginning of each section, I have given a list of some of 
the important equations used in the sections, and I have also 
taken care to use the symbols generally found in Text-books on 
Physics. 

The subject matter of this book is directly taken from my 
two books,— Problems in First Year Physics and Examples in 
Physics for Intermediate students—, which have been largely 
appreciated by the student world during the course of last seven 
years. I have, however, greatly modifled the plan of arrangement 
to suit tho changes in the syllabus and also to enable the First 
Year students to follow and grasp the theory with greater ease. 

Since the above mentioned books, now, form the foundation 
of this book, I feel it my duty to express my heartfelt thanks to 
Prof. V. B. DIVATIA. M. 4-, I. BE. 8. (now retired) of the Gujarat 
College, Ahmedabad, to Prof. R. N. JOSHI, B. sc., of Fergusson 
College, Poona, and to prof. T. K. DEOLALKAR, M.a., B.8e., and 
Prof. N.G. MOHILE, m.a.,n.sc., of the Karnatak College, Dharwar 
who had been kind enough to go through the manuscripts and 
offer valuable suggestions when the same were under prepration 
for the first time in 1920. Iam also thankul to Mr. V. Y> 
JATHR, 8. sc., for getting the book prited in a short time. 

; Suggestions for the improvement of the book will be most 
thankfully received 

KARNATAK COLLGE, DHARWAR L. G@. PATEL 
March, 1937 

Second Edition 

Some of the portion has been removed from the text to meet 
the requirements of the syllabus revised this year and wherever 
necessary some corrections have been made in accordance with 
the suggestions received. A set of miscellaneous examples for 
revision has been added at the end. 

My thanks are due to Professor N.N. Bhagawat and N. R. 
Muley for the suggestions. 

DHARWAR. Nov. 1940 L. G. PATEL 

Sixth Revised Edition 


Examples on the topics included inthe new Syllabus of the 
Universities have been added and the book has been brought 
upto date. Weare greatful to Prof.D. R. Naik for helping us in 
this matter. PUBLISHERS. 
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EXAMPLES IN FIRST YEAR PHYSICS 


( Pre-University Course ) 
UNITS AND MEASURING INSTRUMENTS 


1, Units 


1. State which of the following units are funda. 
mental and derived ones:— (1) Gramme, ( 2) Poundal, 
(3) Erg, (4) Watt, (5) Hour, (6) Foot, 
(7) Centimetre, (8) Foot-pound, (9) Horse-power. 

2. Make a separate list of absolute and gravitational 
units from the following:— (1) Erg, (2) G.Cm.,, 
(3) Dyne-cm., (4) Pound, (5) Poundal, (6) Foot- 
pound, (7) Horse-power, (8) Watt. ’ 

3. What are scalar and vector quantities ? Sort out. 
scalar from the vector quantities from the following list :— 
Volume, force, density, work, surface tension, acceleration, 
speed, mass, weight, electric potential, momentum. 

Hint: A scalar quantity is one with which no idea 
of direction is associated and is completely defined by its 
magnitude whereas a vector quantity has both magnitude 
and direction. 

4, Obtain the dimensions of the following :— 
(1).Work, (2) Strain, (3) Momentum, (4) Angular 
velocity, (&) Density, (6) Impulse. 

(1) Work is defined as ‘Force x Distance’; but 


‘Force is defined as ‘Mass x Acceleration’; therefore 
the dimensions of Work are— 


[Work] = MxLT?xL=[M])[L}P[T]". 
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i.e, 1 in mass, 2 in length and-2 in time. (Similarly 
try the other cases. ) 
5. Derive the dimensions of :—(1) Force, (2) Power, 
(3) Surface tension, (4) Volume, (5) Specific gravity. 
6. Give the dimensions of the following quantities :— 
(1) Acceleration, (2) Pressure, (3) Young‘s modulus, 
(4) Force. 
*7, Derive the relation between the joule and the 
foot-poundal. Use the method of dimensions. 
lib. = 454 gm., 1 ft. = 30:5 cm. 
lft.pdl.° ML*7-? in F. P.S. units 
“Lerg. ~ ML*7-* in C.G.8. units 
ie 2 ~2 
pi ine x Tie = 422108, 
1 ft.pdl. = 422 x 10° ergs 
: . = (422 x 109/107 =) 4.22 x 107? joules. 
#8, Obtain the relation between the watt and the 
“horse-power using dimensional method. 
¥9. Examine inthe following relations the indices of 
t in} gt in (i); of 7? in (ii); and of 7’ and m in (iii) and 
correct them. 


*Problems marked with asterisks may be omitted for the first 
reading. They are of advanced types. 

The following abbreviations are used in marking the sources 
from which the problems are taken ;— 

¥. E.—Firet Exam. in Engineering, Bombay University. 


§. E.—Second ,, o a9 
I. Se.—Intermediate Scicnce Exam. a 35 
LAg.— ,, Agriculture ,, 7 - 
B. A.—Final B.A. ( Pass or Hons. ) es fe 
B.Se.—F inal B.Se. Subsidiary ., 3 #3 


1. Se. Madras-Intermediade Science Exam., Madras University. 
B. A. Madras—Final B.A. ” ae *” rT 
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Where the space travelled by a 
(i) 8 =vt+d4gt body is in terms of velocity, 
acceleration and the time. 


Where the surface tension of a 

as hog liquid is in terms of radius, 

( ii ) f= height, density of the column 
of the liquid and g. 


Where the velocity of a trans- 
T verse wave along a stretched 
(iii) v = — _ string is in terms of the tension 
Ges acting in the wire and the mags 
per unit length. 
(i) Here {LJ =[ 27" )]x{T]4[ 27° ]x[ 7]. 
[L] = [L]+[ LT}. 

Dimensions on both the sides should be equal. 
Hence the right-hand side L7'~' should be LZ showing 
thereby that % gt ‘should be multiplied by ¢, thus the 
corrected relation is s = vi+-} gi’. : 

2 

(iii ) is = 
as both the sides must have the same dimensions, 
which can be by squaring the left-hand term or 
taking the square root of the right-hand side term. 
Hence the relation should be ‘ 


Pe , nis 
v=o-— orv= —, 
m m 


N.B.— Item (ii) has been left unsolved an an exercise. 


[?T~?, which is inconsistent - 


ll 


*10. Test the accuracy of the following relations using 
dimensions:—(1)s = 3gt, (2) 8 = vt, (3) v,=v,4a#, 
(4) Fs=4 mv where the symbo!}s have the usual meanings. 

11. The period of asimple pendulum depends upon 
its length, mass, acceleration due to gravity and the 
angle of vibration, Find by the method of dimensions 
the form of equation connecting these quantities. 
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Since the angle of vibration © has no dimensions 
we omit it, then we have 
[ Period] «[ Length ]= [ Mass ]v [ acceleration ]+ 
[fl= (LC My (LP 
LT = LxteMyT-*:, 

Equating Mass, y = 0, equating Length, 2-+-z = 0, 
and equating Time, -2z=1 we get ..y=0, z= —},a=}, 
Hence period « [ Length ]4[ acceleration ] -4. 

Period Lnogth | 
ace.g 


12, Frequency of vibration of a sonometer string 
depends on the mass, the length of the vibrating string 
. and on the tension applied to it. Determine the form of 
equation connecting these quantities, Use dimensions. 


2. Callipers 


13. A scale is divided into millimetres and a vernier 
scale is attached toit. 9 divisions on the main scale are 
equal to 10 divisions on the vernier scale. What is” the 
least fraction of a centimentre that can be read by the 
vernier ? 

14. A barometer scale is graduated in millimetres, 
19 divisions on the main scale are divided into 20 on the 
vernier piece. What is the least count of the instrument ? 

15. The scale of a travelling microscope is in half 
millimetres. What kind of vernier will give the least 
count of 0-01 mm. ? 

16, A barometer has the main scale in jy of an inch. 
You are required to construct a vernier for it to read to 
0-002 in. How will you do it? - 

17. Acircular scale reads to 10 minutes of an are. 
How will you construct a vernier to enable you to read 
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to 10 seconds? If the main scale isin half degrees and 
29 div. ‘on it equal 30 div. on the vernier, state the least 
count. 

18, A polarimeter has a circular scale divided into } 
of a degree. The vernier has 25 div, equivalent to 24 div. 
on the main scale. What fraction of & degree can the 
instrument give ? 

19, Between the jaws of a vernier callipers is kept a 
block of such a length that line 6 of the vernier scale 
coincides with line 9 of the main scale, and consequently 
the zero of the vernier scale is a short distance to the 
right of line 6 of the main scale. If the main scale 
divisions are 5; of an inch each, and 25 vernier divisions 
are equal to 24 main scale divisions, find the length of 
the block. State the sensitiveness of the callipers. 

20. A barometer scale has a vernier giving the least 
count of ;4, in. The height of the column is found to be 
about 29-90 in division on the main scale with the 14th 
vernier line coinciding. What is the true height ? 

21. A vernier callipers is seen to give a reading of 
3-7 cm. on the main scale and the 8th vernier division in 
coincidence, What isthe length of the solid ifthe least 
count is yi, cm. ? : 


3. Micrometer Screw 


22. The pitch of a certain micrometer screw is 
0-05 in. and the screw head has 50 divisions. After setting 
upon a sphere and then removing it, 7 complete turns and 
28 divisions are required to cause the screw to advance to 
the stop. Find the sensitiveness of the instrnment. 
What is the volume of the sphere ? 


50 div. on the head are tobe turned through to 
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move the screw 0:05 in. .. 50 div. are equivalent 

to 0-05 in. Hence the sensitiveness = 0-001 in. Again 

7 complete turns and 28div. on the head give a 

measure of the diameter. Hence the diameter 

= 7x 0-05+0-001 x 28 = 0-378 in. The volume of the 
sphere is, therefore, 37 7? = 0-0283 cu- in. 

23. In a micrometer screw-gauge, there are 10 
threads of the screw per centimetre of its length, and 100 
(divisions are marked on the head. When adjusted with- 
out anything between the screw and the stud, the instru- 
ment shows the 5th division on the head coinciding with 
zero On the main scale. After setting upon a block and 
removing it, 10 complete turns and 55 divisions are 
required to cause the screw to advance to the stop. Find 
the thickness of the block. : 

Hint: Allow for the initial error of the SppAratnes 
The error is positive.* 

24. The Jeast count given by a micrometer screw is 
tig mm. The head scale is found to overwind by 5 div. 
beyond the zero of the pitch scale when the gap is closed. 
What is the zero correction ? When a wire is held between 
the jaws, the reading on the pitch scale is found to be 
2mm. and that on the head scale 18 div. Calculate the 
diameter of the wire. 

25. The pitch of a screw is } mm. and the divisions 
on the head scale are 50. When the gap is closed, the 
head scale zero stops short of the guide line by 5 div: 
When a glass plate is held in the gap, the reading on the 
pitch seale is found to be $ mm. while the 55th div. on the 


“& The error is +ve, if itis above the marked zero of the scale 
and —ve if below that. Errors are always to’be subtracted from 
the subsequent readings. 
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head scale is seen along the guide line. Determine the 
thickness of the glass plate. 


4, Spherometers 
26. Find the radius of curvature of a spherical 
surface from the following readings taken with a 
spherometer :— 
(.L) When adjusted on a curved surface.. 0:029 cm, 
(2) When adjusted on a plane surface... - 0-003 cm. 
(3) The distance between the screw-end and 
one of the legs........ cece eee Dd OM, 
[I Sc. 1923 ] 
Here sagitta h = 0-029- ( -0-003 ) = 0-032 cm. 
and a=2:4 cm.; hence using the usual relation, 
a’ fh 2°4? 0-032, 
Bmp ig: or Se ee oan S 
t. é, radius of cusvature = 90-016 cm, 
27, The following are the poertees taken with a 


spherometer :— 
(I) Number of threads per centimetre of the 
BCTEW «.. eee. wee 20, 


(2) Number of Aivistonac on aie ditegtat ead 100 
(3 ) Reading on the disc, when adjusted ona 
plane surface...........0..0 cece fe 15 div, 
(4) Reading when adjusted on the curved 
BUTLACE 2... eee cece eee e eee eenees . 81-5 div, 
(5) Distance between any two outer lege 4 cm. 
Calculate the radius of curvature of the surface. 
Hint: Use the relation a?/6h+h/2 here, wherea=4cm. 
28. Find the radius of curvature of a given concave 
surface from the following data obtained with a sphero- 
meter. 
(1) Pitch of the screw ...ceee eee reer OS MM: 
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(27 Divisions on the circular disc............ 100 
(3) Distance between any two outer lege.. 4-0 cm. 
(4) Reading on the disc, when adjusted ona 


plane surface. enews seseereceee of 18 div. 
(5) Reading on shies ine; ‘ghar ‘adjusted on the 
spherical surface ..............666 ~l mm, & 68 div. 


Hint: Reading for the spherical surface are below 
the zero on the main scale. The value of 4 = 1 mm. and 
“18+( 100-68 ) div. ='1-25 mm. 


29. A spheromet r reads 0-465 mm. when adjusted 
ona plane surface and 2-415 mm. whenon a spherical 
surface, The distance between any two outer legs is 4 cm. 
Find the radius of curvature of the surface. 


30. Find the thickness of a glass plate for which the 
following readings were taken with aspherometer. Pitch 
is }mm.. Divisions on the head scale are 100. When 
adjusted on a plane glass it reads 2 div. on the head scale 
below the zero of the pitch scale and when adjusted on 
the given plate, 48 div. on the head scale above the pitch 
scale zero. | = 


31. If an error of 1% is made in measuring (i) h 
(ii) @ in the experiment to determine the radius of 
curvature of the convex surface of a plano-convex lens 
using a spherometer, by how much will the value of Z 
be wrong in each case when 2 = 0:-lem., a = 4 cm, 


PROPERTIES OF MATTER 
1. Density 


. mass 
USN olan 
M 
D= > 


Sp. gr. or Density of a body 
relative density} = Density of water 
_, Mass of a body 


Se et i } 8 
Maps GE Wolke taking equal volume 


Wt. of a body : 
~ Wt. of water ” a - 
1. A piece of wood measures 4om. x 20cm. x 8 cm. 
and weighs 400 gm. Determine its density. 
The volume of the piece = (4x 20x 8=) 640 ce. 
while the mass of the piece = 400 gm. 
As the density is mass per unit volume we have, 
here, density of the wood = (422=) 0-626 gm. per ce, 
2. Asphere of radius 3cm. weighs 954-0 gm. Find 
its density. 

. 3. A nugget of pure silver is 21 gm. Ifthe density 
of silver is 10°5 gm./ce., determine its volume in cubic 
centimetres, 

4. A swimming bath has a surface area of 40 yds. x 
20 yds. and is 5ft. deep on an average. How many 
gallons of water are required to fill it, if 1 cu.ft. of water 
weighs 62:5 lbs.? 1 gallon of water weighs 10 lb. 
5, A mass of 1600 lb. occupies a volume of 20 cu.ft. 
What is its density (i) in lb. percu.ft. (ii) ingm. per cc. ? 
so] 
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(i) Since D => we get D = 1§997.¢. 80 lb./cu.ft. 
(ii) 1600 1b. = (1600 x 453-6) gm. : 
20 cu. ft. = (20 x 28315 ) ce. 
1600 x 453-6 


= 9098315’ = 1-28 gm,/cc. 

6, Find the diameter of a metal sphere, if its mass is 
792 ym. and sp.gr. 7-0.* 

7. Calculate the mass of (a) a brass wire 50 cm. long 
and 7mm.inradius, (6) a brass sphere 3 cm. in radius, 
The density of brass is 8-4 gm./cc,. 

8. Find in grammes the weight of a rectangular piece 
of a metal having its width = 4 in., breadth = 2in., and 
thickness = 0-02 in. Sp. gr. of the metal is 8-4. 

9, A capillary tube is partly filled with mercury. The 
length of the mercury thread is 7cm. The weight of the 
mercury inthe tubeis found to be 6-8gm. Determine 
the radius of the bore of the tube. Sp.gr. of mercury 
is 13-6. 

Since sp. gr. of mercury is 13-6 


the density 3 is 13-6x1 = 13-6 gm./cc. 
Again let 7 be the radius of the bore, 
then the volume of the thread = (22 x 7? x 7) ec. 
But, from the mass given, vol. = a = 0°5 ce. 


227? = 0-5, Hence r = 0:1507 cm. 
10. A narrow glass tubing weighed 14:20 gm. A thread 
of mercury 10-5 cm. long was drawn into it and weighed. 


*Sp. gr. is a ratio of the same units, hence it is a mere 
number. It is the same in both the systems of units, The 
density differs in different systems as it is a mass contained in 
a unit volime. 
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The weight was found to be 18-73gm. Calculate the 
diameter of the bore of the tube, if the sp.gr. of mercury 
is 13: 59, 

11. A flask when empty weigh 240 gm., when full 
of water 1340 gm. and when full of air weighs 241-3 gm. 
Find the density of air. 

12. Asp.gr. bottle when empty, weighed 14-975 gm. 
When full of water, it weighed 39-875 gm., while full of a 
certain liquid, its weight was found to be 35-367 gm. 
Determine the sp. gr. of the liquid. 

13. A sp.gr. bottle with water weighs 50 gm. and 
the same with water and 18 gm. of a powder in it weighs 
57-5 gm, Determine the sp.gr. of the powder. 

Wt. of the bottle full of water and the wt. of 
powder togcther = (50-++ 18 = )68 gm. But wt. of 
bottle containing both powder and water together 

= 57-5 gm, . 

wt. of water having the same vol. as that of the 
powder = (68-57.5 = ) 10- ia But the weight of 
the powder in air = 18 gm. _ .. Sp. gr. of the powder 

= ( 18/105 = ) 1-71, 

14. Asp. gr. bottle weighs 72-84 gm. when full of - 
water and when 20 lead shots weighing 6-09 gm. are 
introduced, it weighs 78-39 gm. Find the density of lead 
and the average diameter of each shot. 

15. Following are the observations taken for deter- 
mining the density of a soluble powder :— 


Weight of sp gr. bottle empty = 22.03 gm. wt. 
3 + «» + powder 23-87 35 
” vs > os + 5, + kerosene = 64-65 5 
ns ” » + --kerosene alone = 63-375 _,. 
% i >» 9) water alone = 72:84 55 
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Calculate the sp. gr. of the powder. 

Hint: First determine the sp. gr. of kerosene as in 
example 12 and the sp. gr. of the powder with respect to 
kerosene. Multiply this by the op. gr. of kerosene. 

DENSITIES OF MIXTURES AND ALLOYS 

When there is no chemical change :— 

Suppose M,, M,, U,,.. the masses of the substances 
A,, A;, A;,..are mixed together so asto forma mixture 
(or an alloy ), then if, V, V,V,, -, be the respective 

- original volumes, the density of the mixture (or the alloy ) 
ef amt neal eee 
VitVi. tVs+°-: 

16. A litre of milk and a litre- of water are mixed 
together, Determine the density of the mixture, if that 
of the milk is 1-63 gm./ce. 

The mass of milk = 1-:03x1000ce. (DxV = M) 
i ,, of water = 1:0 x 1000 ce. ; 
The total volume of the mixture = ( 10004-1000 ) ce, 

density = 1050 7a = 1-015 gm./ce. 

17, The densities of three liquids are as 1:2:3., 
' ‘Equal volumes of the three are mixed together. Compare 
the density of the resujting mixture with that of the 
first liquid. 

18. Three liquids A,B and C are mixed together. 
The volume and the sp. gr. of each are given in the 
following table :— 


Liquid Volume in ce. sp. gr. 
A 24 0.93 
B 16 0-78 
Cc 20 0-88 


Find the sp. ge. when no change in volume takes place. 
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19. 20 cc. of a liquid are mixed with 20 gm. of water. 
Tf the reduction in volume of the mixture is 10% and the 
density of the liquid 0-80 gm./cc,, determine ths density 
of the mixture. 
20, Find the density of a mixture of 200 cc. of water 
-and 800 cc. of a salt-solution of density 1-2 gm./ce., 
assuming no chemical change. 


21. Ina piece of silver coin, the percentages of silver 
and copper are as follows :— 


Silver 92-50% Copper 7:50% 


if the densities of copper and silver are 8-93 and 
10-50 gw./ce. respectively, determine the density of 
the coin. 


Hint: Assume the mass to be 100 gm. Find the 

‘volume of each metal from the given percentage of masses 

that gives the total volume of the coin. The total mass 
having been assumed as 10 gm., find. the density, 

22, Animpure lump of gold containing copper hag 
912%, of pure gold and 83% of copper init. The density 
of gold is 19-32 gm./cc. and that of copper 8-93 gm./ce. 
Find the density of the lump. 

23. A gold ring weighs 20 gm. and has a density 
18 gm./cc. How much copper does the ring contain, if the 
ap. gr. of gold be 19-32 and that of copper in it 8-93? 


Let + gm, be the mass of copper in the ring then 
( 20-2 ) gm. will be mass of gold in it, 
But the density of pure gold is (19-32 x l= ) 19.32 


gm./cc, 


and 45 copper is (8-93xl=) 8-93 gm./cc, 


. ; So ® 20-2 
. the vol.of COPPET = 9. gg Ce. and vol. of gold= 79.35 ec, 
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20-2 


Hence the total vol. of the ring = ( sost Togs 


Cc. 


*, its mags is (s93t4 ee 30) 18=20gm. -. s—1-26 gm. 

_ 24, A specimen of brass, which is an alloy of copper 

and zine, weighs 100 gm. and hasa density of 8-40 gm./ce- 

The densities of copper and zinc are 8-93 and 7-1 gm./cc. 

respectively, Find the proportion of the metals in the 
specimen. 

25. The density of a specimen of market milk ia 
found to be 1-02 gm./ec. Ifthe sp. gr. of pure milk is 
1-03 determine the volume of water in 3 litres of the 
‘market milk. 

26. A 50 cc. flask filled with oil (sp. gr.0-3) and 
water weighs 69-53 gm. Determine the amounts of water 
and oil in the flask. The empty flask weighs 22-03 gm, 


2. Liquids-Pressure 


The pressure at any point in a liquid is due to its” 
weight and is directly proportional to the average depth 
h of the point below the free surface and to the density d 
"of the liquid. 
Hence force F = Axhxdxg (in absolute units ) 
and pressure P=1xhxdxqg t.e. force per unit area, 
27. A box, having a bottom of dimensions 20 cm. by 
10 cm. anda depth of 10cm. is filled with a liquid of 
density 1:2 gm./cc. Fird the total force and the pressure 
acting on the bottom. 
The area of the bottom = (20x10) 200 sq. em. 
the total force = 200K 10xK129. (FP = A-hed-g, ) 
=: 2352000 dynes. 
2352000 


The pressure = 00. = 11760 a eneeIE: cm. (r-= ) 
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28. Total thrust on a surface of 10sq.in, area is 
found to be 11-023 lb. wt. Find the average pressure 
(i) in lb.wt per sq. in. (ii) in. gm. wt. per sq. cm. 

29, Find in gravitational units the thrust on the base 
of a vessel full of a liquid (sp. gr. 0-80) in the form ofa 
trunketed cone. The area of the base is 20 sq. cm, and 
the height of the liquid column 30cm. What is the 
pressure in dynes at a point in the base ? 

30. A conical tumbler of glass is filled with glycerine 
(sp. gr. 1-26) to a height of 10cm. from the bottom. 
What is the pressure in gravitational units at the bottom 
due to the liquid ? 

31. A cylindrical vessel of base-area 24 8q. cm. is 
filled with mercury* to a height of 10 cm. and with water 
7 cm. above that, Find the pressure on the bottom 
exerted by the liquids. 

32, Find the depth of water in a lake, if the pressure 
due to it at the bottom is equal to that of a column of 
mercury 152 cm. long, 

33. A stand pipe, 10 ft. high and 62 ft. above the 
ground level, is filled with water. Determine the force 

"per aq. in, at the ground level. : 
Note :— A stand pipe, has generally its top and bottom of a 
conical shape. Here its bottom end is 62 ft. above the ground level. 

34, The pressure gauge ata water tap in a theatre 
reads 41.66 lb./sq.in. Find the height of water in the 

- reservoir above the level of the tap. 


*Tu all problems whenever required take, 
the density of water in F. P. S. as 62°5 Ib./cu. ft. 
x5 . In C. G. S. as 1 gm./ce. 
3 mercury in a5 as 13°6 gm,/ec. 
g = 980 em./sec-? in C. G. S. 


and = 32 ft./sec.? in F. P. S. unless stated to the contrary. 
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The volume of the column of water exerting the 


given pressure is 1 xhx 44 cu.ft, where A is the 
height in feet. 


a 41-66 1 | 41:66 
But it is also = 62.5 cu.ft. .. lxhx Yaa * 635 
Ah = 96 ft. 


35. The pressure at a water-tap at the base of a 
building is 42-5 lb. wt./sq. in. and on its top, itis 30 |b. 
wt./sq. in. Find the height of the building. 

36. Find the force required to hold a board tightly 

_against a hole 5 cm. long and 2 cm. broad in the side of a 
ship ina lake, ifthe average depth of the hole is 10m. 
below the surface of water. 

The force due to the column of water. 

= Area Xx average depth x density x g. 
5x 2x 1000 x 1 x 980. 
9-8 x 10° dynes. 
the force required to be applied in the opposite 
direction = 10‘ gm. wt. or 9-8 x 10® dynes. 

37. A cube, having a side of 20 cm. is suspended in 
water with its sides vertical and its upper edge 20 cm, 
below the surface of the liquid. Determine the average 
“pressure on each of its faces. 

Hint: The pressure on the top and bottom faces are 
' given by the weight of the liquid column of unit cross- 
section and of height above the respective faces upto the 
surface of the liquid. The average pressure on the side 

faces will be given by the product of the depth at the 
-centre of area of the face and the density of the liquid. 
i.e, by (20410 )x 1. 

38 A cubical vessel of: side 20 cm. is closed at the 
top with an opening of area 10 sq. cm. init. A vertical 
hollow tube of height 20cm. is attached to the opening. 


ll 
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The vessel with the tube is filled with water. Find; the 
force on each of the side of the vessel. 

Area of a side is (20x 20 ) 400 sq. em. 

Area of pressed part of the top is (400-10 =) 390sq.cm, 

Mean depth of the base is (20+ 20= ) 40 cm. 

. - top is 20 cm. ' 
$5 a side is (20+10=) 30cm. 

“ The ee on the base = (400 x 40 x 1=) 16000 gm. wt. 


»  . » top = (390 20x1=) 7800 gm. wt, 
» aside = (400x30x1=) 12000 gm. wh 
Note :— Find a satisfactory explanation for the.force on the 


base which exceeds the weight of water in the vessel. 

39, Find the total force against a lock-gate 10 m. 
' wide, the depth of water being 20 m. and the height of 
the lock-gate 22 m. 

Hint: The force on the lock-gate is independent of 
the height of the gate. It depends upon the depth of 
water. : 

40. A cubical vessel bas a lid 20cm. square, A 
vertica) pipe leading from aside of the vessel is filled 
with water toa height of 5 dm. above the lid, What 
weight is required to be put on the lid to prevent. the 
escape of water ? 

The area of the lid of the vessel =(20 = 20=) © 
400 sq. cm. 
The pressure on the common horizontal surface in 
the pipe=(1x 50= ) 50 gm. wt./sq.cm. Hence the 
pressure of 50 gm.wt./sq.cm. is tobe balanced by 
the weight W to be put on the lid. But the area of 
the lid is 400 sq.cm. 
ie = 50 and W = 20 kg. 


2—E.F.Y.P. 
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41, A boy stands on a hydrostatic bellows and finds 
that he is supported when water is 20 in. high in the tube, 
If the top of the bellows is 12 in. square, find the weight | 
of the boy. The water in the bellows weighs 63 lb. per cu. ft. 


3. U-tubes 


42. A column of 20 cm. of a specimen of oil in one 
arm of a U-tube is balanced by a column of water 17 cm, 
in the other arm. Find the density of the specimen. __ 

lf d is the density of oil then the pressure exerted 
by the columu = (1x20xd =) 20dgm.wt. The 
pressure exerted by the column of water of the 
common horizontal surface =(1x17x1=) 17 gm.wt. 

As the columns balance each other, we have 20 d=17. 


d = 0:85 gm./ce. 


43. The lower portion of a U-tube contains mercury, 
A liquid of unknown density is poured in one of the arms, 
till the mercury levels in the two differ by 2 cm. Find the 
density of the liquid, if the column measures 30 cm, 

44, The diameters of the arms of a U-tube containing 
mercury are 1:10 and 1:45 cm., their respective lengths 
being 23 and 27cm. A column of 10cm. of: turpentine 
in one arm is balanced by a column of 8-7 cm, of water in 
the other, Find the sp. gr. of turpentine. 

Hint: The pressures acting at the common horiz- 
ontal surface at the bases of the liquid column are 
independent of the area of the sections or the total lengths 
of the arms of the U-tube. 

45. Two tubes have their upper ends connected by a 
Y-piece and their lower ends are dipping, one in a salt 
solution and the other in water, The gir is partly exhausted 
from the Y-picce and the scluticn is found to rise by 
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26-9cem. and the water by 28:7cm. in the respective 
tubes. Find the specific gravity of the solution. 

46. One of the limbs of Hare’s apparatus contains 
a column of a liquid (sp.gr. 1:2) 20-lem. high; while 
the other contain a column of oil 26-8 cm. high. What is 
the specifie gravity of the oil. ? 

47, A mercury barometer reads 30 in. while a 
glycerine one shows a reading of 325 in. Find the density 
of glycerine. . 

7 4, Hydraulic Press 

The force F exerted by the larger piston of a hydrau- 
lic press is to the force f acting on the smaller piston as 
the area’ A of the cross-section of the larger piston is to 
that a of the smaller piston, or 

‘ F A_D 


where Dd are the diameters of the pistons respectively. 

48. The area of the smaller piston of a hydraulic press 
is 6 sq. in., while that of the larger one is 60sq.in. Find 
the load that can be raised by a force of 30 lb.wt. applied 
to the smaller piston. - 

49, Aload of 10000 kg.wt. can be raised by a Bramah’s 
press, when a force of 100kg.wt. is applied to the smaller 
piston, Find the ratio of the areas of the two pistons. 

50. The pressure inthe city main is 35 lb.wt./in’. 
The diameter of the plunger ofa hydraulic elevator is 
12 in, Find the load which the elevator can lift, (1) assum- 
ing that there is po friction, (2) if the loss due to the 
friction is 25%. 

Hint: Here the pressure that is exerted on the 
plunger is given. Using the known value of its diameter, 
determine the load that can be raised. 
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51. If the diameter of the cross-section of the smaller 
piston of a hydraulic press is 8 cm. and that of the larger 
piston 32 cm., (1) through what height will the larger 
piston rise when the smaller piston descends .through 
16 cm. ? (2) What force should be applied to the smaller 
piston to raise a Joad of 8 tons ? 

Hint: The volume covered by the movement of the 
smaller piston. must be equal to that due to the movement 
of the larger one. : 

52. lf the radius of the cross-section of the smaller 
piston of a hydraulic press is 4 cm. and that of the larger 
piston 40 cm., and the force that is applied to the end of 
the lever 35 cm. long is 16 |b,wt. find the load raised by 
the larger piston. The lever is attached to the smaHer 
piston ata distance of 5 cm. from the fulcrum, 


The mechanical advantage of the lever is ( 35 = ) 7, 

The force exerted on the smaller piston is, therefore, 

(16x7=) 112 1b.wt. when 16 Ib. force is applied to 

the end of the lever. The area of the larger piston is 

100 times that of the smaller one, hence the total 

load that can be raised by the larger piston is 

( 100 x 112= ) 11200 lb.wt. or 5 tons wt. 

53. The radii of the cylinders of a hydraulic press 
are 10 in, and 6 ft. respectively. The power is apptied at 
the end of a lever 3 ft. long and the piston is attached at 
a distance of 4in. from the fulcrum. If a body weighing 
6 tons be placed upon the larger piston, find the force 
that must be applied to the lever, If the materials of the 
press will only bear a pressure of 100 !b.wt, per sq. in., 
find the greatest weight that can be lifted. 

54, A hydraulic press is to exert a pressure of 20 tons. 
The ram is 10 in, in diameter and the plunger of the 
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pump supplying pressure is 2 in, in diameter. Wind the 
pressure to be applied to the pump plunger (1) when no 
energy is wasted and (2) when the efficiency of the 
machine is 80 percent, At each stroke the smal! piston 
moves over 12in. Find the number of strokes required 
tu raise the weight by 24 ft. 


5. Archimedes’ Principle 


‘¢When a solid is immersed wholly or partly ina fluid 
(t.e. liquid or gas ) it displaces a volume of the fluid equal 
to the volume of the immersed part, and it experience 
an upward thrust, due to the fluid, equal in magnitude to 
the weight of the volume of the fluid displaced. ” 


PRINCIPLE OF ARCHIMEDES 


When a body of mass m and volume v is suspended 
by astring in a liquid of density d, then its apparent’ 
weight te. the tension in the string = (m-vd ) g., 

Apparent wt. of a body in a fluid : 

= Actual wt. of the body —upthrust of the fluid on it. 

Sp.gr. of a *wt. of substance in air 


substance wt. of equal vol of water 
wt. of solid in air 4 
wt. of water displaced 
wt. of solid in air 
loss of wt. of solid in water 
loss of wt. of solidin the liquid 
loss of wt. of sold in water 
55. What is the buoyant force on 50 cc. of lead 
under water ? 


“.Sp.gr. of a solid = 


1,e. . ” = 


and sp.gr. of a liquid = 


* To be more precise, the solid should be weighed in vacuwin 
and not inair. However, for ordinary purposes, the weights are 
taken in air, as the loss of weight in air is negligible. 
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Hint: Find the weight of the displaced volume of 
water. The buoyant force is due to this weight of water. 

56. A piece of cork (sp. gr. 0-25) occupies a volume 
of 4cc. It is kept below the water surface by means of a 
string fastened to the bottom of the vessel containing 
water. Find the tension in the string. 

Hint : The tension in the string is equal to the weight 
of the piece in the liquid, or the apparent wt. of the solid. 

57. Determine the loss of weight which an iron piece 
10 ec. in volume would suffer when weighed (1) in water, 
(2) in oil of sp.gr. 0-8. 

57a. A solid weighs 30 gm. in air, 26 gm. in water, 
and 25-2 gm. in some other liquid. Find the sp.gr. of the 
liquid. Determine also the volume of the solid. 

Loss of wt. of the solid in water =(30~26=) 4:0 gm. wt, 
7 ave eas in the liquid = (30 - 25-:2=) 4-8 gm.wt, 
sp.gr. of the liquid =(4.8/4.0=) 1-2. 
Again the vol. of water displaced by the solid=(¢= )4cc. 
‘ the vol. of the solid = 4 ce, 

58. A piece of glass, weighing 30 gm. in air, weighs 
18 gm. when suspended in water and weighs 19-56 gm. 
when immersed in turpentine. Find the sp. gr. of the 
“glass piece and of turpentine. 

59. A solid, weighing 2-65 gm, in air, is attached to a 
sinker which alone weighs 8-80 gm, in water. Both 
togevher are found to weigh 8-55 gm. in water. What is 
the sp. gr. of the solid ? 

Wt, of the solid in water = (8-55 — 8-80—) —0.25 gm, 
( We get negative sign because upthrust is greater 
than the weight of the solid acting downwards. ) 


Loss of wt. of the solid in water=[ 2-65 - (—0-25)= ] 


2.90 gm. wt, .. sp gr. of the solid= seo = 0-91, 
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60. A heavy solid weighed 16 gm. in air and 14-1 gm. 
in water. When tied to a piece of paraffin wax. weighing 
5-03 gm, in air both together weighed 13-42 gm. in water, 
Determine the specific-gravities of the solids. 

61, A piece of Jead weighs 5-6 gm. inair, 5-1 gm, in 
water, 5-185 gm. in alcohol and 5-08 gm. ina salt-solution: 
A piece of wood weighs 1.6 gm. in air and when tied to 
the lead piece both together weigh 4-7 gm. in water. 
Determine the sp. gr. of lead, wood, alcohol and of the 
salt-solution. 

62.‘A piece of ebonite (sp. gr. 1-8) weighs 18 gm. 
in air, 8-9 gm. in linseed oil and 5-4 gm. in glycerine. 
Determine the sp. gr. of the oil and of glycerine. 

Hint: Sp.gr. of ebonite piece is given. That gives 
the weight of equal volume of water. Hence calculate 
the sp. gr. of the liquids. > 

63. A crystal of aluminium sulphate* weighs 16-22 gm. - 
in air and 9-12 gm. in petrol of sp. gr. 0-7. Find the 
density of the crystal. 

Loss of wt. of the solid in petrol 
Loss of wt- of it in water 
the loss of wt. of the solid in water = (16-22 — 9-12) /0-7 
= 7-1/0-7 gm. 
the sp.gr, of the erystal= (16-22 x 0-7/7:1 = )1-60 

But the density = sp. gr. x density of water _ 

ie 7 =1-60x 1 = 1-60 gm./cc. 

64. A crystal of potassium bichromate weighs 
1-284 gm. in air, and 0-857 gm. in rock-oil (sp. gr. 0-82). 
Determine the sp. gr. of the crystal. 


= 07. 


* This method is used to find the sp. gr. and density of a solid 
soluble in water. Any liquid in which the solid does not dissolve, 
can be used. Note that greater care is required, if the liquid 
chosen is inflammable. 
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65. A solid weighs 10 gm. in air of density 1-293 gm. 
per litre and 6-8 gm. in alcohol (sp. gr.0-8). Find the 
density of she solid. 

The wt. of the solid in vacuum=its wt. in air--+the 
wt. of air displaced ; and the wt. of it in alcohol=its 
wt. in vacuum — the wt. of alcohol displaced. 

Hence assuming v as its volume and d the density : 

vd = 10+0.001293 v; and 6-8 = vd-0-8 »v. 
. v = 4.006 cc. and d = 2-498 gm /cc. 

66. A lump of sugar 40 gm. in weight is coated with 
wax and weighed in air. The weight is 40-92 gm.’ Then it 
is weighed when immersed in water, The weight is found 
to be 14:92 gm. Determine the density of the lump. 
( Density of wax = 0-92 gm./cc. ) 

The volume of the wax-coating is 

Mass _ 40-92 - 40 orn 
density 0-92 

The weight of water displaced by the coated lump is 

( 40-92- 14.92= ) 26 gm.wt. therefore the volume of 

the coated lump is 26cm, Hence the volume of the 

un-coated lump of sugar is (26-1 = ) 25 ce. 
mass _ 40 
volume 25 
f 67. A piece of cork ( 20 cc, ) is-attached toa piece of 
btass (2 cc, ) and weighed when completely immersed in 
water. If they are found to have no weight, determine 
the sp.gr. of the cork. (The density of brass is 8-4 gm./cc.) 

Hint: The downward force due to the wt. of the 
solids just equals the upthrust of the liquid. Volume of 
the solids are known. Hence find the weight of the cork 
in air. Then the sp. gr. Mass of the brass piece be found 
from its density and volume. 


the density = 


= 1-6 gm./ec. 
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*68. A brass sphere (6 cm.in diameter) is being 
weighed in water. It just balances atthe other end of 
the beam an aluminium cylinder of the same radius, The 
aluminium piece is also kept immersed in water. Find the 


length of the cylinder. (Sp. gr. of brass is 84 and of 
aluminium 2:7 ) 


69. What force would be required to support a cubic 
centimetre of platinum in mercury? The density of 
platinum is 21-5 gm./cc. and the sp. gr. of mercury 13-6 

70. The weight of a submarine boatis 400 tons. It 
lies damaged and full of water at sea, What pull should 
be exerted by the lifting chains in order to lift it from 
the bottom? The sp. gr. of submarine material is 7-8 and 


of sea water 1-025, the density of pure water being 
62-5 lb./cu. ft. 


Hint: The chains have to overcome the downward 


force equal to the weight of the submarine material in th 
water. : 


71, A sphere of radius 10cm. is just wholly immersed 
in a liquid of sp. gr. 1-6. Find the resultant vertical 
pressure on it due to the liquid. Will the value be the 
same if the depth of the sphere under the liquid be varied? 

The resultant vertical pressure is the upthrust of 
the liquid equal to the weight of the liquid displaced 
= ($n x 10° x 1-6=)6703 gm. wt. 

The resultant vertical pressure remains the same 

whatever be the depth of the sphere. 

*72. Two solid spheres each of 10 cm. radius are 
connected by a light string and totally immersed in a, 
vessel of rockoil (sp.gr. 0-81). If the sp.gr. of the apheres 
be 0-3 and 2-5 respectively, find the tension in the string 
and the pressure between the heavier sphere and the 
bottom of the vessel. 


26 PROPERTIES OF MATTER 


Hint: The total weight of the spheres minus the 
weight of the liquid displaced by them is the required 
pressure. The tension is equal to the weight of the lighter 
sphere in the liquid. 

73. Determine tbe acceleration with which a piece of 
brass (sp. gr. 9-0) would just sink in water and the time 
which it would take to get to the bottom of a pool 14-22 ft. 
deep, Assume the acceleration to remain unchanged. 

Hint: The weight of the brass piece in water acts as 
the moving force on its mass. Find the acceleration and 
hence time. 

*74. The weight of anempty flask with stopper is 
20 gm, The density of glass is 2-5 gm./cc. The flask when 
full of salt-solution weighs 49-50 gm. While still full of 
the solution, it is suspended by a thread in water and 
again weighed. The weight is 16-50 gm. Find the density 
of the solution. 


The volume of the material of the flask is (20/2°5 — , 
8-Occ. The weight of water displaced by the flask 
is (49-50-16-50=)33 gm. wt. Hence the volume of 
the flask is 33 cc., therefore its capacity or the volume 
of the solution in the flask is (833~8-=—) 25 cc. But 
the mass of the solution is (49-50~20=) 29-50 gm. 
therefore its density is (29-5/25+) 1-18 gm./ce. 

*75, Ahollow stopper of glass (sp. gr. 2-6) weighs 
27-3 gm. in air and 5-75 gm. in water, What is the volume 
of the internal cavity ? 

Hint : Virst find the total volume of the stopper from 
the loss of wt. in water. From its mass in air and the 
sp. gr., of the glass, determine the volume of the material 
of the stopper. Hence calculate the capacity of the cavity. 

*76, A hollow glass bulb (sp. gr. 2-3) is found to weigh 
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34.5 gm. in air, and 6-28 gm. ina liquid of sp.gr. 0-83, 
Find the capacity of the bulb. 

77. A diamond ring weighs 12 gm in airand 11-16 gm. 
in water. Find the mass of the diamond if the sp. gr. of 
gold used is 17-5 and that of diamond in it 3-5. 

*78. A vessel completely filled with water is placed 
on a spring balance (in the pan at the top) and the total 
weight indicated is 6 lbs. A piece of iron, weighing’ 4 lbs. 
is suspended from another spring balance so that it is 
completely immersed under the water. The water spilt 
out is collected in the pan. The upper balance now shows 
3-5 Ibs, wt., while the lower one registers 6-5 lbs. wt. The 
quantity of water collected in the pan is found to weigh 
0-5 Ib. wt, 

’ What do you deduce from the above experiment ? 
How do you account for the increase of weight to 6-5 lbs. 
wt.? Find the density of the solid. 


6.° Principle of Floatation 
When a body floatsin a liquid partly submerged in it, 
the weight of the liquid displaced equals the weight of the 
body. Hence specific gravity of a light solid(i.e-a solid which 


volume of the solid submerged in water, 


floats in water — - Sole fs suid hitomi 
mane total volume of the solid 


79. A piece of ice having a volume of 24-5 cu. in. 
floats in water with 22-05 cu. in. of it under the surface, 
Determine its specific gravity. 

80. Arectangular block of wood 10 in, high sinks 7 in. 
in water and 8 in. in a specimen of oil. Find the sp. gr, of 
the wood and of the oil. 

8¥. A man 71-4 kg. in weight just floats in seawater 
(ap.gr. 1-02). Whatis his volume ? 
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Hint: The weight of the displaced water just equals 
the weight of the man. Find the volume of the displaced 
water. 

82. A ferry barge with vertical sides has a bottom 
20’ x 30’. When some motor cars were on board, it floated 
4 in, deeper in water than before. Determine the weight 
of the cars. 

83. A steamer weighs 1200 tons. Find its displace- 
ment in sea water of density 64 lb./cu. ft. On loading it 
with a cargo, it was found to sink in water by 4 in. more, 
Find the weight of the cargo, if the mean sectional area 
of the steamer is 3000 sq. ft. 

84. Arod floats with 3 of its volume submerged in 
a liquid of sp.gr, 1-2 ? 

85, Adiver with his diving suit weighs 100 kg. It 
requires 14-125 kg. of a lead piece, under water, just to 
sink him. If the density of lead is 11:3 gm./cc., what is 
the volume of the diver and his suit. 

The wt. of the displaced water is équal to the wt. of 
the diver with his suit plus the wt. of the lead piece, 
Hence, if v cc. be the volume of the diver and his 
suit, we have 


(o+ aaa x 1 = 1000004+14125 «. v= 112875 cc. 


86- Aman, weighing 128 1b., can float just in seq 
water. He is able to keep 0-5 cu. ft. of his body above 
the surface of the water by holding a piece of wood 
(sp. gr. 0-68 ) uader water. Find the sp. gr. of sea water, 
if the volume of the wooden piece is 1-5 cu. ft. and the 
density of pure water 62-5 lb./cu. ft. 

Hint: Weight of the additional volume of water 
displaced equals the weight of the wooden piece, 
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87. A wooden cube just floats in water when support- 
ed by a force of 98 gm, wt. On removing this extra force 
the cube rises by 2cm,. above the surface. What is the 
size of the cube ? : 

Hint: The resultant upthrust of water on the cube 
is balanced by the extra force of 988 gm. wt. This gives 
the wt. of the water displaced by 2 cm, length of the cube. 
Find the cross-section of the cube, thence the length of 
aside. 

88, Equal volumes of gold and iron (sp.gr. 7:82) are 
tied together and immersed in mercury (sp.gr. 13-6 ). 
They are found to float just in the liquid. Find the sp. gr. 
of gold. 

Let v cc. be the volume of each piece and d the 
density of gold, then vx 7-82x1l+vxd=13-6x1x 2v. 
d = (27-2-7:82=) 19-38 gm/ce. . 
Hydrometers 


89. A cylindrical test-tube with a uniform cross- 
section contained some lead shots at the bottom so as to 
make it float vertically. When putin water, it floated 
with 5-25 cm. of its lenth below the surface, and when 
put ina salt-solution 5-1 cm. of it were in the liquid. 
Find the density of the solution. 

Let A be the area in sq.cm. of the cross-section of the 
tube, then the volume of water displaced = (5-25 x A)ce. 
and the mass of the displaced water . 
=(5-25X Ax 1) gm. (M=VxD) 
similarly the mass of the displaced solution 
=(5.1XAxD) gm., where D is the density of the 
solution, But these masses are each equal to the masa 
of the tirbe, “ S&IXAXD=5-25x Axl 

D=1-03 gm./ce. 
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90. Arectangular brass tube is loaded to float verti- 
cally in water. It floatesa in water with 12 in. of it inside, 
and in a liquid of unknown specific gravity with 14 in. of 
it submerged. Determine the specific gravity of the liquid. 

91. A pencil has a lead piece attached to one end. It 
floates in water with 2cm. projecting above the surface 
and in a liquid with 3-3 cm. projecting. The total volume 
of the metal and the pencil is 5cc: and the cross-section 
of the latter 45 sq mm. Determine the sp.gr. of the liquid. 


Hint: Find the volumes of the liquids displaced by 
the pencil. Hence equate the masses of the liquids 
displaced by it. 

92. A common hydrometer of volume 20 cc. is floated 
in water. The ratio of the volume of the hydrometer 
remaining in water to that of the stem outside water 
is 3: 1. The cross-section of the stem is 1 sq. cm. Find 
the length of;the stem by which the hydrometer will go 
down ina liquid of density 0-8 gm./cc. when it is placed 
in the liquid. [BA,1928] 

*93. Avariable immersion hydrometer floates in 
liquids A, Band C with 3in., 3-5 in. and 4:5 in. of its 
stem outside the liquids respectively. If the sp.gr. of A and 
B are respectively 0-75 and 0-80, find that of C.[S.#.1922] 


Hint: Assume v tobe the volume ef the hydro- 
meter and @ the cross-section of the stem, then find the 
volumes immersed in different liquids. Equating the 
weights of A and B, find vin terms of a, and hence 
equating the weight of the displaced volume for C with 
that for A (or B) determine the required ep.gr. 

94. A brass tube of uniform cross-section weighs 
40-2 gm. whenempty. A weight of 31-8 gm. is required 
to be added to it, in order to make it sink in water upto 
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a certain mark on it. When the same tube is made to 
float in some other liquid, an additional weight of 18-72 gm, 
is required to make it sink to the same mark. Find the 
specific gravity of the liquid. 

Hint: Equal volumes of the liquids are displaced, 
Find their weights. Hence the specific gravity of the 
liquid. 

95. An empty hydrometer weighing 500 gm. floates 
in water immersed up toa particular mark on the stem, 
When allowed to float in asalt solution 88 gm. have to be 
added to the upper pan to make it sink tothe same mark, 

- Determine the sp.gr. of the liquid. 

Hint: The mass of the water displaced by the 
hydrometer = 500 gm. (which is the mass of the hydro- 
meter); while, the mass of the same volume of the dis- 
placed liquid is (5004-88) gm. 

96. ‘The following observations were taken with a 
Nicholson’s hydromefer. 


Mass required to sink the hydrometer to 

the mark 

Mass required to sink the hydrometer to 

the mark when the solid is in the upper pan=0.102 gm. 

Mass required to sink the hydrometer to 

the mark when the solid is in the lower pan=3-022 gm. 

Determine the sp. gr. of the solid. 

Mass of the solidin air — (8.278-0-102—) 8-176 gm. 

Apparent mass of the 
solid in water 

Apparent loss of mass 
of the solid 

Mass of the equal 


= 8.278 gm. 


lt 


(8-278 - 3-022 =) 5-256 gm. 


=( 8176 -5-256=) 2.920 gm, 


volume of water = 2-92 gm. 
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: 8-176 
sp.g. of the ,solid= 3.99 = 2°8- 

97. To sink a Nicholson’s hydrometer to the mark in 
water, 4 gm, are required. When a piece of wax is put in 
the upper pan, only 3 gm. are required to sink it to the 
same mark, On putting the same piece in the lower pan 
4:1 gm. are required to make it sink to the mark, Find 
the density of the wax piece- 

Hint: Note the proper algebraic signs for the masa 
in water and the apparent loss of mass of the solid. 

Gas-Pressure 

98. Find the atmospheric pressure per sq.cm., corres-. 
ponding to a pressure of 76 cm. of mercury. 

The mass of the given mercury column of unit 
cross-section= (76%1x13-6)gm. .. the required 
pressure = (76X1xX13-6=) 1033-6 gm. wt./cm.?or 
1012928 dynes-cm~?. 

99. Find the average height of the atmosphere above 
the earth’s surface, taking the density of air as 1-29 gm, 
per litre and the atmospheric pressure equal to 76cm. 
of mercury. 

100, A U-tube manometer is filled with some mercury 
at the bent. A man blows into one of the arms of the 
tube and thereby creates a difference of 4cm.in the 
levels of mercury in the two arms. What pressure (in 
dynes ) is he exerting? 

101. Find the pressure exerted by the air confined 
in a faulty barometer registering 74-23 cm.,if a correct 
barometer registers 75°64 cm, 

Hint: The pressure due to the air enclosed plus the 
pressure of the mercury column in the faulty apparatus 
must equal the atmospheric pressure, which in turn is 
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equal to the pressure of the mercury column in the 
correct barometer. 


102. Taking the pressure of the atmosphere equal to 
a column of 32 ft. of water, determine the pressure of air 
in the bafrel of a pump, when the water stands in the 
tube 20 ft. above the level of the reservoir, 

103. A U-pressure gauge attached to a boiler ania? 
reads 1-36 in. of water. If the barometer reads 30-1 in. of 
mercury, find the absclute pressure inside the chimney, 
( Density of water = 0.03611 Ib./cu. in. ) 

{-86 in. of water are equivalent to 0-lin, of mercury 

Hence the required pressure = ( 30-1-0-1 = ) 30 in. 

of mercury or (30 x 13-6 x 0-03611 x 32 = ) 4713 

pids. in.~* 


Note :— The pressure in 2 boiler chimney is always less than 
_ the pressure of the atmosphere outside, 


104. The mechanical advantage of the arm of a safety 
valve is 5 and the valve has got 2cm. diameter. Find 
the steam pressure, if 44 lb. wt. is required to be applied 
to the end of the arm. 

The downward force F exerted at the safety valve 
is equal to the product of the mechanical advantage 
and the power applied to the arm, therefore 
F=(5x44= ) 220 Ib. wt. but this force is equal and 
opposite to the upward thrust of the steam which acts 
on the valve of area(wx1?=) m~ sq.cm. Hence the 
steam pressure is [ 220/(z x 1*) = ] 70 lb,wt./seq em, 
105. A safety-valve is kept in position by a horizontal 

lever 30cm. long having its fulcrum at one end and a 

weight of 10 lb. on the other. The area ofthe valve is 

6 sq.in. and its centre is 3cm. from the fulernm. Find 

the greatest preasure the steam inthe boiler can exert. 
3—E.F.Y.P. 
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106. Find the total lifting power ofa balloon, the 
bag of which weighs 120 gm. and is filled with 30 cu.m. 
of hydrogen gas. The density of air is fourteen times 
that of hydrogen. 


Suppose d is the density of hydrogen in gm.per cu-m. 


then l4d ,, so air 3 5 i 
Hence the upthrust due 
to the displaced air = ( 14dx 50 ) gm. wt. 
But the downward force = ( 120+50d ) gin. wt. 
the resultant upthrust = [(700d-(120-++-50d)|gm.wt. 
the lifting power = (650d - 120) gm.wt. 


107. A balloon is filled with a gas and weighs 62-5jkg. 
The weight of the empty batloon is 2-5 kg. The density of 
the gas is + times that of air. Find the force with which 
the balloon will rise up, if the density of air is 1-29 kg. 
per cu. m. 

108, A litre of air weighs 1-29 gm. and a litre of coal 
gas weighs 0:79 gm. Find the normal capacity of a 
balloon which will just ascend. The weight of the balloon 
including the cargo is 1000 kg. 

Hint: The lifting power is (1-29-0-79 = ) 0.50 gm. 
per litre. The total lifting power is expected to be 1000 kg, 
Hence determine the total volume of the balloon. 

109. An airship 200 metres long has an average 
diameter.of 20 metres and is charged with hydrogen. If 
the balloon and its attachments weigh 20000 kgs., find the 
further weight which may be carried. ( Density of hydro- 
gen 0-09 gm. /litre. Density of air 12.9 gm./litre.)[I.Sc. 1935] 


9. Boyle’s Law—applications 


The volume of a given mass of a gas varies inversely 
as its pressure, the temperature remaining constant. 
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Hence, the density ofa given mass of a gas varies 
directly as the pressure, provided the] temperature is 
constant. 


PV, =F; Varginnds temp, being constant, 


110. What volume will a litre of air occupy, if the 


pressure on it is changed from 751-5 to 600 mm, of 
mercury, the temperature remaining constant ? 


From Boyle’s law we have, P,V,=V,P,, .°. sub- 
stituting the known values in the formula, we get, 
V,x600 = 1x751-5 ». V, = 1-2525 litrés. 


111. What is the pressure inside a motor tyre if its 
internal volume is 5 cu.ft, and 9 cu.ft. of air at atmospheric 
pressure are used in pumping it up ? [I.8c. 1935 ] 

112. The inner tube of a motor tyre may be taken 
asa cylinder of 100 mm. diameter and 1000 mm. long. © 
What volume of air measured at atmospheric pressure 
must be pumped in to raise the pressure to 5 atmospheres ? 

[ B.A. 1924] 

113. A glass globe will just stand an excess of 2 lb. per 
sq. in. of inside pressure over that on the outside. The 
bulb is sealed up at a place, where the atmospheric 
pressure is 14-5 lb./sq.in. and then taken uphill until it 
bursts. Find the atmospheric pressure at the place, 
Where the globe bursts. 

Hint: The inside pressure remains the same, while 
the outside one fails till the two differ by 2 Ib./sq. in. 
Hence find the low pressure uphill. 

114. A barometer tube contains a little airin the 
space above mercury. This spaceis 12-5 cc., when the 
mercury level in the tube is 67 cm. above thatin the 
cistern. Onraising the tube, the volume ofair in the 
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tube changes to 20 cc. and at the same time the mercury 
column increases to 70cm, Find the true barometric 
height. 

Let Hem. be thetrue barometric height then 

( H-67) cm. is the pressure exerted by the gas 

when the volume is 12-5 cc., and (H-70)cm. is the 

pressure, when it occupies 20 cc. Hence, applying 

Boyle’s Law, we get, 

( H - 67) 12-5=(H- 70) 20 «. H=75 om. of mercury. 

115. An ordinary barometer having a uniform bore 
has sonae air enclosed in the space above mercury. The 
height of the mercury column inthe tube is 29in. and 
the space above it is 4 in. long. The tube is then pushed 
down into a cistern with the result that the mercury 
‘column becomes 28 in. long and that space above it only 
2 in. long. If the barometer had been perfect, what would 
have been the height of the barometer column ? [B.A. 1926} 

116. When the atmospheric pressure is 75cm. of 
mercury, air is introduced into a barometer tube of length 
80-5 cm. The level of mercury, thereby, falls to 68 cm. 
On the next day, the height is found to change to 67 cm. 
temperature remaining the same, What is the atmospheric 
pressure on that day ? 

117. A capillary tube of uniform bore, closed at one 
end has some air enclosed in it by a thread of mercury 
20cm. long. When the tube is kept horizontal on a table, 
the air column measures 45 cm, and when held vertical 
with the open end upwards, the column of air measures 
35 em. Determine the atmospheric pressure. 


Hint: When the tube is vertical, the pressure exerted 
by the enclosed air equals the atmospheric pressure plus 
that due to the mercury column in the tube. When 
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horizontal, the pressure exerted equals the atmospheric 
pressure only. 

118. A bubble of air occupies a volume of 3 cu. in. 
at a depth of 13-6 ft. from the surface of.water in a lake. 
Find the depth at which it would occupy 2 cu. in., if the 
atmospheric pressure is 30 in. of mercury. ~ 

Since the density of mercury is 13-6 times “that of 
water, the pressure due to a column of 30in. of 
mercury equals the pressure due to a column of 

water 34 ft. long. , 

Hence P, = ( 13:64+34= ) 47-6 ft. water 


and P, = 2, the quantity to be determined ). 
V, = 3cu.in. and V, = 2 cu.in; 
+, from Boyle’s law, we get, P, = sre? a1 ft. of 


water. Hence the depth of the bubble below the surface ~ 
= (714-34 = ) 37-4 ft. 
119. A uniform tube 79-8 cm, long and 1 sq. cm. in 
cross-section is filled with mercury and inverted with the 
‘openend onecm. below mercury so as to form a baro- 
meter. The height of the column is found to be 75cm, 
The true atmospheric pressure is 76cm. Ifthe error of 
the barometer is due tothe entrapped air, what volume 
of air was so entrapped ? [ I-Se. 1926 ] 
The enclosed air occupies a volume of [79-8 ~ (14-75) 
= ] 3.8 cc. and exerts a pressure of (76-75 = ) 1 cm. 
If v be the volume of the same air outside at 76cm. 
pressure, then from Boyle’s law, 

76xv = 1x38, v0 X 005 cc. 
120. The volume of the tube of a bicyle tyre is 
100 cu.in. and the barrel of the pump 10 cu.in. Find the 
number of strokes required to produce double the 
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atmospheric pressure in the tube, assuming its volume to 
increase by 45 when itis inflated. [ I.Sc. 1928 Madras ] 

Hint: Using Boyle’s law, find the total volume v, 
of air at atmospheric pressure which will have to be 
pumped into the tube having a volume 100 cu. in. when 
inflated. Every stroke of the piston forces a volume of 
10 cu. in. of air. Find the number of strokes, It already 
contains 100 cu. in, of air. 

121. A glass sounding-tube (tube used to determine 
the depth of a sea ) is 40 cm. long andis open at the lower 
end, the inside having been coated with a soluble pigment, 
It is lowered to the bottom of asea, On taking it out at 
the surface, the pigment is found to have been washed off 
upto 30 cm. height in the tub. Find the depth of the sea, 
if the reading on a water barometer is 9 m, and the sp. gr, 
of sea-water 1-02. 


Hint: First find the total pressure which the enclosed 
air is subjected to. From that find the depth of the sea. 
water below the surface upto the level of the water in 
the tube, Hence the depth of the seais equal to this 
depth plus the height of the water column in the tube. 

*122, A diving bell 10 ft. high carries a mercury 
barometer in its inside. Before it was lowered in water, 
the barometer reads 30 in. After reaching a certain depth 
it was fonud toread 35 in. Find the depth of the top of 
the bell and the height to which water rises in the bell. 

Find the volume of air at the atmospheric pressure 
which should be pumped in, in order to fill the bell at this 
depth. . [I.Sc. 1915 ] 

The pressure increases by ( 35 - 30= ) 5 in, due to 
the column of water (5x13-5 = ) 68 in. in height 
above the inside level of water. Now applying 
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Boyle’s Law 10x 30= X x 35 where X is the height of 

air column inside, we get X x 5% ft. of air column. 

Hence the water rises in the bell by (10-°% =) 1} ft. 

while the top of the bell is outside the surface of 

water by 
10~147 -'P = 219 ft. 

Keeping the inside pressure at 35 in, the air outside 
originally at 30 in. has to be pumped in so as to 
displace the water columnof 12 ft. Henceif v is 
unknown volume of air, v x 30 = 13 x 35x 4. 1. ov 
= 12 Acu. ft. of air where A is the cross-section of 
the bell. 

123. The density of ait at 760 mm. of mercury, is 
1-293 gm./litre. Find its value, if the pressure is reduced 
to 680 mm. of mercury. the temperature remaining 
the same. 

124, A gas cylinder of capacity 5 cu.ft. contains air — 
at a gauge pressure of 210 Ib.sq.in. Find the volume this 
gas would occupy at an outside pressure of 14 |b./sq. in. 

Since a pressure gauge indicates a pressure above 
the atmospheric pressure, the pressure of the air in the 

cylinder = (210+14= ) 224 lb./in.? 

while the volume occupied=5 cu.ft. Hence if this air 

were at a pressure of 14 1h./in.? the volume V, it would 

occupy is given by Pa Vee Xe 
P, 14. 

125, Determine the density of air within an auto- 
mobile tyre that is inflated to a gauge pressure of 
21-3 Ib. /in,? when the atmospheric pressure is {4-2 Ib./in.’. 


. Vs; = 80 cu. ft. 


10. Air pumps 


Inanair pump if V and v are the volumes of the 
receiver and of the barrel respectively the density of the 
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cemainine air after » complete strokes is 

d, = (yrs) x original density of air (i) 
and the final pressure 

P= (73) x original pressure in it. (ii) 


126. The volume of the receiver of an air-pump is 
five times that of the barrel. Find the number of comp- 
lete strokes required to have the density of the remaining 
air 428 of the original density. 

If » be the number of strokes required, then using 
_ the general relation with the usual symbols we have 


ware) 8 (EDGY a nea 


127. Find the ratio of the volume of the receiver to 
that of the barre} of an air pump in which the density of 
the air remaining after three complete strokes is to that 
of the original air as 216 to 343: 
_ 128. What would be the reading of a barometer under 
the receiver of an air-pump after 4 complete strokes if the 
volume of the barrel is one-fifth the volume of the receiver 
and the atmospheric pressure 30 in. 

Hint: As the airis being withdrawn, the pressure 
of the remaining air inside the receiver decreases, hence 
the barometer reading falls. Find the pressure after 
four strokes. _ 

129. Under the receiver of an air-pump is placed a 
balance carrying two spheres one ineach pan, One of 
these spheres is 3 cm. in diameter and weighs 40-032 gm. 
and the other is 5 cm. in diameter and weighs 40-066 gm. 
in vacuum. On getting a partial vacuum, these spheres are 
found to balance each other. Whatis the reduced pressure 
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in the receiver? Density of air ‘at N.T.P. is 1-293 gm /litre. 


Hint: Apply the principle of Archimedes. The 
apparent weights of the spheres become equal on reduc- 
ing the density of the airin the receiver. Determine this 
density by equating the apparent weights and hence the 
pressure. 

130. A common pump is used to raise water from a 
well, Find the greatest height at which the lower valve of 
the pump can be placed above the surface of water in the 
well, when the barometer reads (1) 27 in., (2) 30 in. of 
mercury. 

Hint: The height must not exceed the height of the 
water-barometer. 


*131. . The length of the lower pipe of a common 
pump above the surface of wateris 10 ft., and the area of 
the cross-section of the barrel is 4 times that of the pipe. 
Taking 33 ft. as the height of the water barometer, find 
how far the water will rise at the end of the first stroke, 
if the length of this be 3 ft. 6 in. [S.E.1916] 


If A be the section of the pipe, the volume of air 
in the pipe at a pressure of 33 ft. is 10 A cu.ft, On 
raising the piston, the volume of air changes to 
(104+3-5x4A-2A) cu. ft., if 2 be the height to 
which the water rises in the pipe. The pressure of 
air reduces to (833-2) ft. Hence by Boyle’s law, 

33 x 10A=(10A+-144 - 2A) (33 - x)  e=98 ft, 


MECHANICS 


1. Velocity and Acceleration 
» 
a. VELOCITIES 


change of space s__ 


Velocity = change of time ¢ 


If a particle is imparted two velocities y,, », simult- 

aneously, it will move with a velocity v, given by the 

relations v,?=v,’+0,?-+2v,0, cos 9, where @ is the 
angle between the two velocities v,and wv. (fa 
velocity v, of a particle is changed to v, then the 
change in velocity », is also given by the above 
relation if the angle between the two velocities is 
known. ) 

Average velocity V —4(v,-+»,), where v, is the 
initial velocity and », the final velocity of a particle. 

1. An express train leaves Poona at 3-25 p.m. and 
reaches Victoria Terminus distant 119 mi, at 7-38 p.m. 
What is the average speed of the train in miles per hour ? 

2. Arailway train is observed to pass two points 660 
ft, apart in 10sec. Calculate its speed in miles per hour. * 

3. A body is moving with a velocity of 15 mi. per 
hour. While it is in motion, a velocity of 30 mi. per hr. 
is imparted to it. What is the velocity at which the body 
moves ? 

4. A balloon starts with a vertical velocity of 400 ft. 
per min, and at the same time, the wind blows horizon- 
tally at a speed of 300 ft./min, to the Fast. Find the 
actual velocity with which the balloon rises up. 

42 
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Hint: The balloon retains its vertical velocity and 
acquires the horizonta! velocity of the wind. Find the 
resultant velocity with which the balloon moves. Apply 
the parallelogram Law. 

5. The Southerly component of the wind is 10 mi. /hr. 
and the Westerly component 15 mi./hr, Find the actual 
direction and the velocity of the wind. 

6, An aeroplane has a speed of 60 mi.an hourin a 
direction due West,while N.E. wind is blowing at a speed 
of 20 mi. an hour. Find graphically the actual velocity 
with which the aeroplane moves. 


Note ;—Wind coming from N.E. are knwon as N. E. winds. 


7. A person can row at the rate of 4 mi./br. in still 
waters. He crosses a river flowing at the rate of 2 mi,/hr. 
with the same speed as in still water. Ifhe keeps rowing 
at right angles to the stream, will he land at the opposite 
point? If not, how far from the point willhe doit? The 
river is 0-25 mi. broad. 

8. A cricket ballis moving with a velocity of 30 mi/hr. 
in §.W. direction. Find the components of the velocity 
in the directions, due to South and due West. 

9. A cricket ball, moving with a speed of 30 ft./sec., 
is hit in such a way, that after the blow, it moves with a 
speed of 40 ft./sec. and in a direction at right angles to ita 
original direction. Find the change of velocity produced. 

Let PQ represent to scale, the initial velocity of 
the ball and QR the final velocity, Complete the 
triangle PQR, then PR represents to scale the change 
in velocity, or using the parallelogram Law, we get 

PR? PQ’+QR?. 0 being 90° ». PR=(/30?40?= ) 

50 ft. /see. 

*10. A man shoots at a bird distant 100 ft. due north 
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of him, The birdis flying due east witha velocity of 
30 ft./sec. How far ahead of the bird must he aim so as 
to hit it? The velocity of the shot is 500 ft./sec. 

*11, Rain appears to fallin a direction 30° to the 
vertical to a passenger in a running train having a speed 
of 30 mi./hr. What isthe velocity of the rain-drops, if 
they are falling vertically downwards ? 


Hint: Suppose the velocity of the rain is vertically 
downwards along AM, and AC is the horizontal velocity 
of the train. Now make the passenger steady by imparting 
to the train a velocity AD equal and opposite to AC: then 
represent the direction in which the rain appears to fall 
to the passenger by AH making 30° with the vertical. 
Complete the parallelogram on AZ as diagonal and AD as 
one of the sides, then AG the vertical of ADHG gives the 
velocity of the rain-drops. 

*12. A train is travelling at the rate of 30 'mi./hr. 
Find the direction in which aman jumping out ofit at 
right angles to the direction of its motion with a speed of 
8 ft./sec. will appear to fall. 


6. EQUATIONS OF MOTION 


If v,= Initial velocity of a particle moving in a straight line. 
v,= final velocity at the end of time #, 
V =average velocity during the time f, 
s=space described in time é, 
qa ~=uniform acceleration in the direction of motion. 
and a particle starts from rest, 


vo, =at a died (1) 
V 249, oe yp. 72) 
8 =hal? ie (8) 


v= 2as sats : ths (4) 
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If it possesses initial velocity v,, then, 


final velocity vw, =Vo+tat is (5) 

_ average velocity V =}(y,+2,) 383 (6) 
' distance s=v,t+4a? =h(v,t0,) 6. (7) 
and a =v,'+2as ies (8) 


Note :—In the case of abody falling freely vertically 
downwards, the acceleration acting on it is equal tog. (9) 
When a particle starting from rest slides down a 
smooth inclined plane of inclination (), the acceleration 
a=g sin @. : (10) 
A3,. <A tram car, starting from rest, moves with a 
acceleration of 2 ft./sec?. Find the velocity it would 
have in 10 sec. and the space described during the time. 


Since v,=qé, here v,=(2x 10) 20 ft-/sec. 
Again s= $gf 2. s=(4X2x10?=) 100ft. 

14, Find the acceleration generated in a car, which, 
starting from rest, moves over 180 ft. in 10 sec, 

15. Atramcsr starts from rest and moves over & 
distance of 180 ft. with a uniform acceleration of 10 ft. 
per sec. Find the time required. 

16. A train moving with a velocity of 30 mi./hr.on a 
horizontal track, is brought to rest in 20 sec. by a uniform 
retardation. Find this retardation. 

The initial velocity of the train is 30 mi./hr. i.e. 


44ft./sec.and the final velocity is zero. Therefore 


from the relation v,=v,-+ at, we get 0=44 + 20q 

a= -2-2ft./sec.? -. the retardation is 2-2 ft./sec.2 

17. The velocity of a locomotive ata certain instant 

is 30 mi./hr. Find its velocity after 10 sec., if it moves 
with a uniform acceleration of 2-2 ft./sec.? 


18. An automobile, running at a speed of 15 mi. per 
hour while passing a lamp post, gets a speed of 30 mi./hr, 


46 MECHANICS 


while passing by the next lamp post, distant one furlong 
from the first. What acceleration is gained by the 
automobile ? 

Since v2 =9,°-+2as and s=660 ft. 


v,==30 mi/hr=44 ft./sec., while v, =22 ft./sec., 
we have 447=22°12xx660. 2. a = Il ft./sec.? 

19. A tram car passes a lamp post 4 at a speed of 
15 mi./br. and on passing a next lamp post B, it possesses 
a velocity of 30 mi./hr. Find the acceleration assuming 
it to be uniform, the time taken to travel from AtoB 
being 10 sec. What velocity is added during the time? 
Find also the distance between the two posta. 

20. A train is moving at the rate of 44 ft./sec. ona 
horizontal track when the steam is shut off. Jt is brought 
to rest by a uniform retardation of 4 ft./sec.? Find the 
space passed over by the train after the steam is shut off. 

21. Aparticle starting from rest travels with a uni- 
form acceleration of 10 cm. sec.~? for 10 sec. Then with 
the velocity acquired moves further for next 10sec. 
Finally it is again given an acceleration of 6 cm. sec.~? 
with which it moves on further. What space does the 
particle cover in a total period of half a minute ? 

22. A body starts from rest, and moving with nni- 
form acceleration, covers a distance of 1000 cm.in the 
first 10 sec. Find the distance it would trave) during the 


18th second of its motion. 


Sinces =a’, 1000 = 4a 10° ». a=20. cm./sec,? 
Again s ,,=4% x 20 x 18’ space covered in 18 sec, 
And s,,=4%x20x17' _,, in 17 see. 

the space covered inthe 18th second is 


8g ~ 8,7 = 9 X 20(18? - 17?) = 350 om. 
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23. A particle starting from rest moves with a uniform 
acceleration. If it covers a distance of 9 ft. during the 
5th second of its motion, find its acceleration and also the 
velocity at the end of 5 seconds. 

24. Aparticle, moving witha uniform acceleration, 
describes 108 ft. and 140 ft. inthe fifth and the seventh 
second of its motion respectively. Find its acceleration, 
and the initial velocity. 

The distance travelled in 

(i) 48ec. s,=v0,x4t+4ax 16 

(ii) Ssec. 8,=0,x544a x 25 

Hence the distance travelled during the 5th sec. 
$,-5, =v, tha x9 

Similarly the distance travelled during the 7th sec. 

8, -8 =v.+ha* 13 
v+a X 9= 108 

and v,+4ax 13=140 

Hence so'ving the above equations we get 

a= 16 ft./sec.? and v,=36 ft./sec. 


25- What isthe value of g ata place, where a ball 
falls freely from rest through a vertical height of 256 ft, 
in 4 sec. ? 

26. Find the depth of the surface of water* in a well 
if a stone dropped from above is found to strike the water 
in 3sec. Neglect the time taken by the sound to reach 
the ear. 

27. A juggler wantsto keep 3 ballsin motion by 
throwing each in turn toa height of 9 ft. from one hand, 


How many times should he move his hand upand down 
per minute ? 


*Take g =32 ft./sec.°? or 980 cm./sec.? unless stated otherwise, 
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Hint: The juggler moves his hand thrice during the 
time the ball takes tobe backin the hand. The ball 
takes 1-5 sec. 

28. Two balls which were dropped from the windows 
of the two different storeys ofa building reached the 
ground at the same iustant. One took one second to 
fall while that from the upper window took two seconds. 
Where was this ball when that from the lower window 
was let fall? What should have been the difference 
between the heights of the windows ? 

29. A photographer, wishing to time the shutter of 

the camera, hung a tape line from a first storey window, 

and had a servant drop a bullet from the zero mark on the 
tape. He photographed the falling bullet and the photo- 
graph showed that while the shutter was open, the bullet 
had moved from opposite the mark 16 ft. to the mark 
16 ft. 4 in. Find the time of exposure ofthe plate, 
(g= 32 ft. sec.~*) 

30. A ball is thrown vertically downwards from the 
top of a tower with a velocity of 5 ft./sec. Find the 
height of the tower, if it takes 5 sec. to reach the ground. - 


Since v,=5ft./sec. and ¢=5 sec., while q = 32ft./sec.’, 

we have, from s=v,t+4at’, the height of the tower 

s=(5 x 544 x 32=5' =) 425 ft. 

31. A bullet, fired vertically downwards from the top 
of a cliff 1064 ft. high, is found to hit a cobra near the 
foot of the cliffin 28sec. Find the muzzle velocity of 
the bullet. 

- 32. A balloon is rising with a velocity of 32 ft./sec. 
A pice is dropped from it when ata height of 768 ft. 
How long does it take to reach the ground after leaving 
the balloon ? . 
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The pice has upward velocity of 32 ft./sec. of the 
balloon and rises up till 0 = 0. This vertical height 
s is 16 ft. (from 0 = 32?-2gs) and the time in this 
act is ] sec. as given by 16 = 32xt-43gx??. 

Now the pice falls from rest through a total vertical 
distance of (768--16= ) 784 ft. in time ¢. Hence, we 
get, from 4x32xt? = 784, t = 78sec. So, the total 
time taken by the pice to reach the ground after 
it is let fallis (74+1 =) 8seo. Or tt may. be solved 
as under. 


The upward walosity of the pice is 32 ft./sec. while 
its downward acceleration is g, Taking upward 
direction positive in the relation: s = v,t+% al®, we 
get, ~768 = 32¢-4x320, «. t = 8sec., discarding 
the negative value of ¢t. (Here Tees: due to g 


is negative.) 

In such problems if the distances above the point of 
projection are taken as positive, those below that point 
should be considered negative. Some authors consider g 
to be positive and hence the downward direction positivet 
Directions measured upwards, then, are negative. 


33. A pencil, slipped off from the hand of a mechanic 
in a balloon, reached the ground in 10 sec. How high was 
the balloon, if ascending with a velocity of 16 ft./sec,’ 
when the pencil left it ? 

34. A ball is let fall on the ground from an ascending 
balloon, when itis at ‘the height of 4896 ft. from the 
ground. Ifthe ball reaches the ground in 18 sec., determine 
the velocity with which the balloon is ascending. 

35. A bullet was fired horizontally from the top of a 
tower 256 ft. high with a velocity of 2000 ft,/sec. At 
the same time the released cartridge-case fell to the foot 
of the tower. Which reached the ground first? How far 

4-——E.F.Y.P. : 
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apart were the bullet and the case when they hit the 
ground ? | B. A. 1923 } 


The bullet has two velocities. Its vertical down- 
ward velocity due to g isthe same as that of the 
case; hence both reach the ground at the same 
instant. .Time taken to fall through 256 ft. by each 
is given by 4gt? = 256. Hence ¢ = 48ec. and the 
horizontal distance travelled by the bullet in this 
time is (2000x4= ) 8000 ft. The case falls vertically 
below and the b@llet 5000 ft. away from it on the 
ground, 

36. ‘An aeroplane travelling at 90 mi./hr. has to drop 
mils at a certain place over which it passes. When and 
where must the bags to released, if the aeroplane is (1 } 
256 ft., and (2) 576 ft. from the ground ? 

Hint: The bag retains the horizonta) velocity of the 
aeroplane and acquires the downward vertical velocity 
due to g. 

37. A bombarding air-plane is flying horizontally at 
45, mi.gu hoar in still air at a height of 1296 ft. At what 
distarreb in advance of the target must the bomb be let go 
in order to score a bull’s eye ? 

« 38. A penvy is dropped from a balloon 400 ft. high 
above the earth’s surface. The balloon is totally immersed 
in, and is carried along with a horizontal current of air 
moving at the rate of 54.54 mi/jhr. Sketch the path of 
the penny and find when and at what distance from the 
starting point it will reach the earth. - Determine the 
direction,in which it appears to move to an observer in 
the balloon. [ L.Se. 1928 ] 

¢ *39. Atennis ball is served frem a height of 7 ft. 
and just clears the net 3 ft. high. The horizontal distance 
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of the server from the net is 39 ft. Find the initial 
velocity of the ball, and the distance of the point where 
it strikes the ground. 

The ball travels 39 ft. in the time it falls through 

4 ft. under the effect of g. 

4=4x382x# 3» ¢ =4sec. Hence the horizontal 
velocity imparted to the ball is (39x2= ) 78 ft./sec. 

Again total time to reach the ground is given by 

T=4x32xK# « #=\% or 6=0-6615 sec., therefore, 

the required distance is (780-6615 = ) 51-6 ft, 

*40. An arrow shot horizontally at the bull’s eye ofa 
target 100 yds. away strikes 4-5 ft. below the bull’s eye. 
Assuming the frictional forces of air to impart a retarda- 
tion of 7ft. sec’, calculate the initial speed of the 
arrow. ; : 

¢. PROJEOTILES ** 

When a body is projected with a velocity V making 
an angle 4 with the horizontal, then 


(i) vhe time of flight = ee 0 
ye 
(ii) the horizontal range = range, 
Bet 
(iii) the maximum height = mone, 


41. A ball was thrown vertically upwards and was 
caught again after 10 sec. What was its original velocity ? 
How high did it go? Take g = 382 ft./sec.? 

Hint: Total time of flight is given. Find the initial 
velocity and hence the maximum height. Here the angle 
of projection is 90’. 
we Some sections are marked with double asterisks. They may 
be omitted by an average student. 
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42. A bullet is projected vertically upwards with a 
velocity of 192 ft./sec. Determine its velocity at the end 
of the 4th sec. When will the bullet come to stop? Find 
also the maximum height attained by it. 

The moment, the bullet leaves the gun,it gets 
subjected to the acceleration due to gravity in the 
opposite direction, which reduecs its initiel upward 
velocity finally to zero. 

Hence its resultant upward velocity of the end of 


the 4th sec. v, = (192-32x4= ) 64 ft./sec. 
The bullet will have zero velocity when v, = gt. 
ie. when @ = (192 = ) 6 sec. 


The bullet will come to a stop, 6 sec, after the start. 

Hence the maximum height is given by h=v,xt-lox? 
h = (192x6-4x32x36= ) 576 ft. 

“[ Or use the relations (i) and (ii) shown above. ] 

43. A lump of lead is thrown horizontally from the 
top of a tower 80 ft. high with a velocity of 50 ft./sec. 
At what distance from the tower will it strike the level 
ground and how jong willit take? If it were thrown up 
at an angle of 30°, how long would it take to strike the 
ground ? [ F. E, 1920 ] 

Hint: As the angle of projection is 30°, if its initial 
velocity is ¥ the vertical velocity is V sin 30° = 25 ft, /sec. 
Wind ¢ to fall through SO ft. as in example 32. 

44, A body is projected at an angle of 30° to the 
horizontal. If it passes horizontally over a wall in 4 sec., 
find its initial velocity. : 

Hint; The vertical velocity at the end of the 4th sec. 
is zero, therefore, Vo sin 30° = 4g. Find VY. 

45. A particle is projected at an clevation of 30 with 


avelooity cf 128 ft./see. What wil. be the direction of its 
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motion after 2 sec. and its maximum horizontal range ? 

46. A shot is fired from a gun with an initial velocity 
of 800 ft./sec. at an elevation of 45°, Vind the range of 
the shot on the horizonta! plane through the point of 
projection. 

Hint; Find the time when the vertical velocity 
of the particle is zero and hence the range. Or use the 
formula (ii). 

47. Aman runs on a straight path at 75m./hr. He 
throws a ball vertically upwards so as to catch it again 
while still running, after going over 88 ft, along the path. 
Find the magnitude.and the direction of the resultant 
velocity of the ball at the time of throw. 

Hint: The ball acquires the vertical velocity with 
which it is thrown and retains the horizontal velocity of 
the man at the time of throw. First find the time of flight 
from the given horizontal velocity and the distance, 
hence find the vertical velocity. The resultant of these 
two velocities gives the required answer. Refer to. 
formula (i) above. 


2. Laws of Motion 


(a) The change of momentum of a body is propor- 
tional to the impulse of the force applied to if, and this 
change takes place in the direction in which the force* 
acts. %,¢ mv,-mv, « fi with the usual notation or 


—-mMv, 3. . 
jah teas =f, te. my=f org= f { 2nd Law } 
m 


The poundal anc the dyne are called absolute units of foree 
as their values are not variable; while the lb. wt. and the gm. wt. 
are called gravitational units as their values ai different places 
depend upon the acceleration due to gravity at thoze places. 
Refer to ‘units’ page 2. 
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Note :— Impulse of a force is the product of the magnitude 
of the force applied and the duration for which the force acts. 

(b) The mutual actions of any two bodies are 
always equal and opposite. Hence whenever a body 
acquires a momentum, some other body acquires an equal 
and opposite momentum, 

(c) Atwood’s Machine:—If J be the tension in 
the string and @ the acceleration with which the masses 
M,and M, (where M,>M,) move, then the downward 
force minus the tension in the string gives the value of 
the force causing the downward motion of the , heavier 
mass. ( The effect of the mass of the string, the mass and 
the friction of the pulley is neglected. ) 

t.e. M,g-T = M,q for the mass moving downwards (1) 


and T-M.g = M,4 3 3 upwards (2) 
M, -N, 7 . . e ° . 

2 MM,’ ae 
2M'M, | : : 

and see aria . cA fat (4) 


48. What is the momentum of a mass of 1 lb. moving 
with a velocity of 20 ft. per second ? 

49. What velocity will be generated in a body, 
weighing 100 gm., when acted upon by a force of 200 dynes 
for 4 sec. ? 

Since 

the change in momentum =the impressed force x time, 

100xv=200x%4. Hence v = 8cm./sec. 

50. If a.force of impulse 216 dyne-sec. acts on a°*mass 
of 6 gm., find the momentum gained by the mass. 

51. A cricket ball of mass 2 of alb.and moving with 
a speed of 30 ft./sec. ia hit in such a way, that after the 
blow, if moves with a speed of 45 ft /sec, andin a direction 
at right angles to its original direction, Find the change 
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of velocity produced and assuming the blow to last 4, of 
a second, calculate the average force with which the blow 
is atruck. . 

Hint: Using the triangle of velocities, find the 
change in velocity v’. Hence find the required force 
from mv = ft. Refer to the example 9. ; 

52. A railway truck of mass 10 tons, while moving 
with a velocity of 4 ft./sec., comes into collision with - 
fixed buffers and is stopped in 0-5 sec. What is the 
average force of the blow in ton-wt, a 

53. A man and his bicycle weigh 172-8 )b. While 
going at a speed of 15 mi,/hr. ona level) road, he suddenly 
ceases to pedal and in 22sec. finds the speed reduced by 
7:5 mi./hr. Find the force of retardation in gravitational 
units. 

Hint: First find the quantity of motion destroyed. 
This equais the impulse of the force acting. The period 
during which this force acts is known. Hence determine 
- the force required. 

# 54, Ashell weighing 100 lb. was fired froma gun 
with a muzzle velocity of 2000 ft./sec. Find in poundals 
(i.e. in absolute units ) the average retarding force due 
to the resistance of the air which reduces its velocity to 
1900 ft./sec, in 4 sec. 

55. A circket ball, of mass 1380 gm. and moving with 
a speed of 100 cm./sec, is hit in such a way that it returns 
with the same speed in the direction just opposite to the 
original one. Find the change of velocity produced and 
assuming the blow to last 0.02 sec. calculate the average 
force with which the biow is struck. 


Hint: To find the change in velocity consider the 
proper algebraic signs from the directions of velocities. 
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56. In what time will a velocity of 45 mi-/hr. be 
generated in a train of 192 tons, if it starts, from rest and 
the pull exerted by the locomotive is 4 tons-wt, ? 

57. A force of 10 gm. wt. required 0:5 sec. to stop a 
body which was moving with a uniform velocity of 
140 cm./sec. Find the weight of the body. 

58. A train starts from rest and is found to gain a 
velocity of 30 mi./br. in 88sec. Find the acceleration 
generated and the pnll exerted by the locomotive, if the 
mass of the train is 192 tons, 


Since the velocity is 30 mi./hr., it is 44 ft./sec, But 
this velocity is gained in 88 sec. Hence the accelera- 
tion q = (44/88 = ) 0-5 ft./sec.? Again the mass of 
the train is (1922240 = ) 430080 Ibs., therefore 
the pull exerted, ma = ( 430080 x 0-5 = ) 215040 
poundals, 

59. The last waggon in a train weighs with its load 
10 tons and the trainis moving with an acceleration of 
2 ft./sec.*. Find the force in the couplings in tons-wt* 
Neglect friction. 

60. A freight car, weighing 10 tons, is drawn by a 
steady pull of 224lb. wt. acting for a minute. What 
acceleration is imparted tothe car? Find the velocity 
also at the end. 

6t. Asmall trolly on a horizontal track weighing 
450 kg. is moving uniformly; when the driving power 
is cut off. It comes to rest after moving over 100 m. with- 
out the use of any brakes in 40sec. Find the value of the 
frictional force in dynes which it has to overcome, assum 
ing it to b2 constant throughout. [ I. Sc. 1926 ] 

Hint: Tho retarding force produces negative accelera- 
tion. The acccleration is given by the ratio 2s/é. 
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62. Two men, each exerting a constant force of 

60 lb. wt., set a waggon weighing 6 tons in motion. The 

_frictional resistance amounts to 10 Ib. wh. per ton, 

Calculate the distance through which the waggon is moved 
in a minute. 


Hint: The moving force in this case is equal to the 
force applied minus the total force of friction. Calculate 
the acceleration and hence the distance. 

63. Find the average retarding force of the brakes 
when a train moving with a velocity of 45 mi./hr. has its. 
speed reduced to 30 mi./hr. in 1210 ft. The mass of the 
train is 176 tons. 

64. A force equal to the weight of 1 kg. actson a 
body (at rest) for 10 sec. and causes it to describe 10 m. 
in that time. Find the mass of the body. 


Hint : Find the acceleration from the space travelled 
and the time. The moving force is given, determine the 
mass, 

65. A constant force of 50 lb. wt. imparts a uniform 
acceleration of 2 ft./sec.? to a body of mass 400]b. Find 
the frictional resistance acting’ onthe body. 

The moving force of 50g=f poundals where f is the 
force of friction. While the mass moved is 400 lb. 
Hence the acceleration 2=(50 x 32-—f)/400 .. f=—800 
poundals. : 
66. What time will a paper pellet, weighing 0-5 gm., 

take to fall through a vetrical height of 16 m., if the 
average resistance acting on it due toairis 90 dynes ? 

67. A weight of 50 1b. is moving at a speed of 15 ft./sec, 
and is acted upon fcr 20 sec. by a force of 20 !b. wt. in the 
direction of its motion. What is the distance moved 
through during the time. [F.E. 1916] 
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Hint: The body moves further with an acceleration 
in addition to its initial velocity. The acceleration is given 
by the moving force divided by the mass moved,(F = Mq}, 
Hence determine the space moved over in 20 sec. 

68. A mags of 120 lb. is pushed up a smooth incline 
rising 11 in 120 by a force of 26 lb. wt. Find the accele- 
ration generated and the space described in 4sec, 

Hint: Moving force along the inclined plane is the 
force applied F minus the retarding force W sin ( on the 
plane due to the weight of the body. Mass moved is 120Ib. 

69. A body slides, from rest, down a frictionless 
inclined plane rising 5 in 16. Find the distance travelled 
by it in 10 sec, and its velocity in the end. 

Hint: As the direction of g is vertically downwards, 
the acceleration with which the body moves along the 
plane is given by the component of g parallel to the plane. 

‘70. A body is projected up a smooth inclined plane 
with a velocity of 40 ft./sec. Find the time whenit will 
cease to rise up. The angle of inclination of the plane is 30°. 

Hint: Here the motion is opposed by the component 
of g acting along the plane. Hence find the time during 
which the initial velocity gets reduced to zero. 

71, Amass of 16 ib., lying on a smooth horizontal 
table 25 ft. from its edge, is drawn along the surface by a 
mass of 4lb. hanging freely. How long does it take to 
reach the edge ? 

Here the moving force is (4xX32= ) 128 poundals 
while the mass moved is (1614= ) 20 lb., therefore 
the acceleration is 6.4 ft./sec.2 from F=maq; and the 
time taken by the mass to move through a distance 
of 25. ft. is 2:8 sec. from s=4 xt). 


72. A6lb. mass is dragged along on a horizontal 
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surface of asmooth table by a mass‘of 4]b. hanging 
freely at its edge. Find the tension in the connecting 
string and the distance moved in 2 sec. 

Hint; Find the acceleration. The moving force is 
(4x 32—-) 128 poundals and the mass moved (6+-4+) 
10 lbs. Consider the forces acting on the mass of 41b, 
The force with which the mass moves down is the 
difference between its weight and the tension in the string. 
Hence find the tension. 

73. A mass of 10 lb. hanging freely draws an equal 
mass up a smooth inclined plane through a distance of 
12 ft. in 2 sec. Find the inclination of the plane to the 
horizontal. 

From s=iqt?, we get 12=4qaX2 2,2. ¢=6 ft./sec” 

Now the two forces acting onthe system are the 

' weight of 10lb. and the component along the plane 
of the other weight of 10 lb- They oppose each other. 
the moving force=10x32-10x32 sin 6, but 


lerdtinhie: moving force | ga 10” 32-1032 x sin 0), 
“accelerabion= “mnassmoved’ ——~—«dO-E-10 


Hence sin 9@=4 and )=38-7° 

*74, Acertian mass hanging freely draws another 
mass of 20 1b. up a smooth inclined plane of the angle of 
inclination 30°, Find the value of the mass, when the 
acceleration is (1) 0,(2)2ft./sec’. Also determine the 
tension in the string in each case, 

Hint: Retarding force on the inclined plane due to 
the weight of the body plus the forceto move the body 
up the plane equals the tension in the string and is given by 
T --M,g sin 30+M.iaorT=M,g-M,2, where M,=20. 

75. Two masses of 400 gm. each are suspended from 
the two ends of a string passing overa light and smooth 
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pulley. The riter on one ofthe masses is 10 gm. Find 
the tension on the string and the distance through whieh 
the mass with the rider discends in 2 sec. from its start. 


(g=981 cm./sec.? ) [ B.A.1928] 
M,=400+10 gm. M,=400 gm, Substituting the known 

. M,-~M, _10x981 982 seit 
values in g= Mans geta= 810 = gj om. /8ee.* 


hence the distance moved in 2 sec. is $y *8tx% 4-242 cm. 
Again the tension T is given by the relation M,g-T=M,a 
or T- M.g= Ma. 2 T= 404-9 gm, wt. 

76. Two masses connected by a string hanging over 
asmooth pulley move over 16 ft. from in 2 sec. If 
the heavier weight be a mass 5oz. find the other, 

77. A thread, passing over a grooved pulley which is 
free to rotate, bas equal weights attached to its ends, An 
over-weight of 1 gm, is added on to one of them, It ,is 
found that in 5 sec. from the start the whole system has 
described 60cm. Find the value ofthe equal weights 
and the tension in the string. 

*78. A rope hangs down over a smooth pulley and a 
man weighing 60 kg. slides down the portion of the rope 
on one side of the pulley with a unifrom acceleration of 
140 em./sec.? Determine the weight of a man, who while 
sliding down the other portion of the rope with an 
acceleration of 168 cm./sec.? is able to keep the rope at 
rest. What will happen, if their weights are equal? 

Hint: Equte the resultant vertical downward force 
on both the sides t.e., m (980-168) = 60 ( 980-140), 
Ifthe weights are equal, rope will also move with an 
acceleration. 

79. Two equal masses are attached to the ends of a 
string passing over a light frictionless pulley. One of the 
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weights is supported on a small table while thé other is 
raised through a vertical distance of 10 cm. and allowed 
to fallfreely through the same distance. Find the velocity 
of the two weights when the string becomes taut. 

Hint: The momentum acquired by the falling body 
during the descent is shared by both the .bodies. Hence 
find the velocity of each. : 

*80. Two buckets of 7-5 lb. each are supported by a 
rope passing over a smooth pulley and are at rest. A mass 
of one pound is dropped from a height of 4 ft. into one of 
the buckets. Find the time taken by the buckets in 
moving through a vertical distance of 12 ft. after the 
motion is imparted. 

Hint: Vind the initial velocity gained by the buckets 
(including the one pound body) from the loss of momentum 
of the falling mass which it had gained during its fail 
through 4 ft. The system then begins to move with this 
velocity in addition to the acceleration imparted to it by 
this excess of }-lb. body on one side. Momentum of the 
l-lb, body is shared by the buckets and the body itself. 

81. A rifle, weighing 20 1b. discharges J-oz. bullet 
with a velocity of 400 ft./sec. What will be the velocity 
of ile rifle in the opposite direction ? 

lf V be the velocity of the rifle, its momentum 
= 20x V and the momentum of the bullet=(/, x 400=) 
25lb, ft./sec. Since action is equal tothe reaction 
20V = 25 
V=1-25 ft./sec. 

82. Abullet weighing 3¢m.,is fired from a gun 
weighing 10 ky, Wiss is the muzzle velocity of the bullet, 
if the velocity of recoil of the gun is 15 cem.sec, ? 


83. A man weighing 120\lb,givesan impulse toa 
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100-Ib. canoe as he steps out of it. If the canoe is impar- 
ted a velocity of 2 ft./sec. calculate the velocity the man 
aquires, 

84. A lion, weighing 500 1b. moves up and downa 
cage mounted on frictionless ball bearings, If the weight 
of the cage be 1000 Ib. and the speed with which the lion 
moves be 6 ft./sec., flhd the speed of the cage in the 
opposite direction. What is the speed of the lion relatively 
to the ground ? 

Hint: Momenta are equal. Find the speed of the 
cage in the opposite direction, hence the speed of the lion 
relatively to the ground. Note that the cage moves in the 
opposite direction taking the lion with it. Hence 

(m+-m') v' =mv 

85. A cage of mass one ton is lowered down a pit 
with a nniform acceleration of 8 ft. sec.-? Whatis the 
stretching force in the rope? With what force will a mass 
of 100 1b. lying on the bottom of the cage press on it ? 
(g=32 ft. sec.-? ) [ I.Sc. 1934] 

Hint: Downward force due to the weight of the cage 
minus the tension in the rope gives the moving force, 
Find this tension. Similarly the weight of mass minus 
the reaction of the bottom on if equals the moving force 
on the mass. Pressure equals this reaction. 

86. A man weighing 120 1b. is standing in a lift. 
When the lift begins to go up with an acceleration of 
8 ft /sec.2 find the pressure on the floor of the lift and 
the apparent weight of the man, [B.A. 1925] 


Hint: Here the lift rises up. Hence the tension is 
greater than the downward force; the resultant being the 
moving force. The apparent weight of the man equals the 
pressure due to his mass on the platform. 
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87. In the example 86, find the pressure on the floor 
if the lift descends with an acceleration of 8 ft./sec’. 

88. A person in a balloon finds that his spring 
balance shows a weight of 12-51b. whena mass of 10 lb, 
is suspended from it. What is his motion? Find the height 
he will rise in 15 sec. from the start. {T.Se, 1927] 

Hint: The balance not only supports the body but 
also gives it an acceleration. This acceleration is given by 
the extra force of 2-5 lb wt. indicated by the balance, 
Mass moved is 10 lb., find the acceleration and hence.the 
height. 

89. An elevator is ascending with a uniform acceler- 
ation of 8 ft. sec.~. A 100-lb. body is suspended from a 
spring balance in it. What will be the reading on the 
balance ? 

90. A person who is just strong enough to lift 140 lb. 
can lift 160 |b. from the floor of a descending elevator. 
What is the acceleration of the elevator? If it rises with 
(1) the same acceleration as above, (2) a uniform 
velocity, find the amount of mass he will be able to lift 
in each case. 


When a lift is descending with an acceleration, the 
weight of a body is decreased. Here the weight of the 
body raised by the man should not exceed (140 x 32=) 
4480 poundals. If @ be the effective acceleration 
of gravity on the mass in the balloon’ then 
160q = 140 <32 + @=28 ft /sec?, «= the balloon 
must be going down with an acceleration of (32 — 28—) 
4 ft./sec? | or is moving with an acceleration of 
( 28-32. )-4 ft.see? (1) The effective  accele- 
ration on the mass will be (82+4-=)36 ft./sec?, If M 
be the mass that can be lifted, then 36 M= 140% 32 
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M=124 $lb. (2) There is no acceleration, hence 
the man can lift a mass of 140 Ib. 

#91, A seconds-pendulum carried in an elevator makes 
45 complete oscillations in 100 sec, What is the accele- 
ration of the elevator? State whether it is ascending or 
descending, 

Hint: Seconds-pendulum has a period of 2 acc. The 
acceleration responsible for the oscillation is equal tog 
minus the acceleration with which the point of suspension 
moves towards the earth. 

3. Composition and resolution of forces, 

(i) Whe resultant of two or more parallel forces 
acting in the same direction is equal to the sum of these 
forces. 

(ii) The resultant of two oppositely directed forces 
applied at the same point is equal to the difference between 
them, and the direction of it is that of the greater forces 

(iit) If two forces P and @ act ata point and 
subtend an angle 9 between them, the resultant 2 is 
given by R’= P?+-Q?-+2PQ cos @. 

(iv) Ifthree forces acting ona particle keep itin 
equilibrium, each is proportional to the sine of the angle 
between the other two or as these forces form a close 
triangle ABC, we have 

a 6 c ; 
aa" wae aa Lami’s theorem, 
92. Two pulls of 6lb. wi. and 12 1b. wt. respectively 
are acting at a puintin the same direction, Find their 
resultant. 

93, Two forces are acting via puint in opposite direc- 
tions. If their magnitudes are 10 and 12 |b.wt.respectively, 
determine the magnitude aud th: cdirection of the resultant, 
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The resultant R-= P+Q. Taking one‘direction as 

positive while the other as negative we get 
R = (12-10= )42 Ib. wt. 

The-+vesign shows that the direction of the resultant 
is the same as that of the greater force viz. 12 1b. wt. 

94. A picture, weighing 20 tb. is hung by a cord pass- 
ing through two rings screwed at the upper corners of the 
frame. The cord is 4 ft. long and the rings 3 ft. apart. 
Find the tension in the cord, if the picture is suspended 
from the two pegs in a horizontal line, 

Hint: The force of 20 lb.wt. is equally shared by the 
pegs. Hence find the tension. 

95. A body is acted upon simultaneously by two 
forces, one of 60 lb.wt. directed Northwards, while the 
other of 80 Ib.wt. directed Weetwards. Find the magni- 
tude and the direction of the resultant force. 

Draw OA and OB to scale to represent the given 
forces of 601b, wt. and 80}b. wt, respectively. 
Complete the parallelogram OACB on OB. Join the 
points Oand C. The diagonal OC gives the magni- 
tude and direction of the resultant to scale. Or by 
calculation, 

since the “/ AOB = 90°, the resuliant OC is given 
by OC? = OB*+- BC?, using the relation R®? = P?4+@? 
+2PQ cos @. 

OC = (A/ 60?-+80? = ) 100 Ib. wt. 

and its direction is given by the relation tang = 

® = 53-1 to the west of North, 

96. A horse exerts a pull of 250 1b. wt. on a tram car 
ht 30° to the direction of the rails. Find the force urging 
ete tram forward and that tending to lift it off the rails. 


BO 
CO 


5—-E.F.¥.P. 
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Hint: Here the vertical component of the applied 
force acts upwards trying to lift the car up while the 
horizonta) one is dragging the car forwards, 

97. A man pulls a nail by means of a string’ inclined 
at 30° to the wall. If he exerts a pull of 30 Ib.wt. find the 
force tending to draw the nail ont. 

98, A mass of 500 gm. is suspended by a string from 
anail. What horizoutal force is required to displace it 
until the string wakes an angle of 30° with the vertical ? 
Calculate the force on the peg. ‘ 

Three forces are acting at the point where the 
horizontal foree is applied, The vectors of these forces 
should form a closed triangle. 1f P be the horizontal 
force and as @ the vertical force = 500 gm. wt., 
P = Q tan 30° = 288-7 gm.wt. The force on the peg 
equals the tension in the’string and is equal to the 
resultant R of P and Q 

§00 
~ cos 80° 

99. Find the force required to keep aslab of one ton 
on a smooth inclined plane, if the slopet is 7594 and the 
force is applied parallel to the plane. 

100. An inclined plane rises 1 in 10. What force 
acting up the plane and parallel to it will just sustain a 
mass of 200 lb. on the incline? Neglect the friction 
between the surfaces, 

101. A carriage, mounted on frictionless wheels, is 


resting on an inclined plane of gradet 50%. If the weight 
of the carriage is 20 \b., find the foree requirel to keep 
it in equilibrium (i) when it acts parallel to the plane, 
(ii) when it acts horizontally. 


= 577-4 gm. wt. 


k mks grade of an incline means the ratio of the height to the 
of the incline and is commonly exprerscd in the percentage 


Jength : 
The slope means the ratio of the height to the base. 


form. 
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102. A body of weight 30fib. is in equilibrium on a 
smooth plane inclined at an angle of 45° to the horizontal, 
being supported by a force P acting at an angle § with 
the plane. Find P and show that &/P = cos(-sin @, 
where Rf is the reaction of the plane. [I.Sc. 1936 Math. ] 

103. Three cords are tied together at a point, one of 
these is pulled due North witha force of 6 tb. wt, and 
the other due East with a force of 8lb.wt. With what 
force must the third be pulled in order to keep the whole 
system in equilibrium ? 

Hint: First flnd the resultant of the two given forces. 
The force to be applied should equal this resultant in 
magnitude. Hence the magnitude of the resultant with 
the direction reversed gives the required force (i.e. the 
equilibrant ). 

104. Two men standing on opposite sides of a pit are 
drawing up a bucket of earth by means of two ropes. 
When the bucket is in equilibrium, one man is exerting a 
force of 70 Ib.wt. on a rope inclined at 25° to the vertical}, 
while the other man is exerting a force of 50 lb.wt. ona 
rope inclined at 55° to the horizontal. Find the weight 
of the bucket. 

105. Achild weighing 42 |b. is seated in a swing suspen- 
ded by two ropes, eaeh inclined at 30° to the vertical, Find 
the tension in each of the ropes. The swing weighs 10 1b. 

Hint: Resolve the total downward force into two 
components along the two ropes. 

106. A balloon is held by a rope making 30° with the 
horizoptal. Find the tension of the rope and the borizontal 
pressure of the wind on the balloon, if it can support a 
weight of 400 kg. 

Hint: Three forces act on the balloon: tension along 
the string, wind pressure, and the uptbrust of 400 kg. wt. 
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vertically upwards. Draw the triangle of forces. Use 
Lami’s theorem. 


*107 An oil-painting is hung on a wall from an iron 
peg by means of a cord passing over it, the two ends being 
tied to the two rings 25 inches apart in the top of the frame 
which is horizontal, The peg is 20 inches above the top. 
if the frame weighs 50 |b., find the tension in the cord. 

Hint: The angle between the vertical and one of 
the cords can be obtained from the relation tang = 3225. 
Hence component of 7 (1be tension in one of the cords ) 
along the vertical is 7’ cos g. But the tctal force of 50 Ib. 
wt. is balanced by a total of 27 cos 9. Hence determine 7. 

“108, A picture weighing 2 lb. is hung by a cord 
fastened to tlhe two upper corners of its frame and passing 
overapeg. The parts of the cord at the two sides of the 
peg are inclined to one another at an angle of 60° keeping 
the upper and lower edges of the frame horizontal, Find 
the tension in each part of the cord. 

Hint: Three forces are acting at the peg, Tension 
in the side strings and the reaction in the peg. Refer to 
the Ex. 106. | _ 

#109, ABCD isa light string tied to two fixed points 
A and D and is carrying weights at Band C, Determine, 
the ratio of these weighte, if AB is inclined at 30° to the 


vertical, BC at 30° to the horizontal and CD is horizontal. 

{ F. E. 1920 ] 
Hint: Consider the equilibrium 
of B by the triangie of forces. 
The weight B is equal to the 
tension along BC. Similarly for 
the eqailibrium of C, the ten- 
sion along LC is double the 
wel htof C Use the relation iv, 
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4, Moments of Forces 


(a) The moment of a force abouta point is the 
product of the force and the perpendicular distance from 
the point to the line of action of the force. 

(6) The moment of a couple ia equal to the product 
ofone of the forces and the perpendicular distance 
between their lines of action, 

110, Find the magnitude and the position of the 
resultant of two forces 10 and 15 lb. wt. respectively, 
acting at the ends of a light pole 20 ft. long. 

Since the forces are acting in the same direction the 
resultant = (10+-15= ) 25 1b. wt. 

Again of the distance of the point of application of 

the resultant be w from the force of 10 lb. wt. and 6 

from the force of 15 lb.wt., taking moments about 

this point we have, 10xa-15xb = 0 and a+b = 20> 
a = 12 ft. and 6 = 8 ft. 


The resultant acts at a point 12 {t. from the 10 lb.wt. 

111. A pole, 20 ft. long, is carried by two men, each 
end resting on the shoulder of aman. A mass of 140 Ib. 
is suspended from the middle. Find the weight carried 
by each, neglecting the weight of the pcle. 

112. A uniform plank A&B, 40 ft. long jand weighing 
100 lb, rests on supports «tits ends. A weight of 500 tb. 
is suspended from a point on it at a distance of 8 ft. from 
A. What is the pressure on each of the supports ? 

Hint: The total downward force pressing the supposts 
is (1004500= ) 600 lb. wt. Take the moments of the 
forces about one end of the plank, and find the magnitude 
of the pressure at the other end. 

113. The horizoutal roadway of a bridge is 36 ft. long 
and weighs 6 tons. The bridge rests on similar supports 
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at the ends. Determine the pressure on each support 
when a carriage weighing two tons is (1) halfway, (2) one- 
forth of the way across. 

114. AB is a uniform bar pivoted at its mid-point C. 
A weight of 5{b. is suspened from one of the arms froma 
point, distant 15 inches from C. Where should a 3 Ib.wt. 
be applied to the bar to restore equilibrium ? 

115, A 154-ib. man sitting on one end of a see-saw is 
balanced by a 56-lb. child sitting onthe other end. The 
length of the see-saw is 12 ft. and its mass 250 lb. What 
is the position of the point of support ? Assume the beam 
to have a uniform linear density. 

116. A uniform. beam 24 ft. long and weighing 240]b. 
is resting upon two supports one 6 ft, and the other ata 
distance of 16 ft. from the same end, What is the pressure 
on.each prop when a man weighing 200 1b. stands ag near 
the other end as he can without upsetting the beam ? Find 
his distance from the second prop. 


Hint: The beam will just tilt about the prop nearest 
to the man, and hence the pressure on the other will 
be zero. 

117. A pulley, 2 ft. in diameter, is acted upon by a 
turning moment of 246 Ib. in. Find the force of friction 
which while acting round the rim would produce balance. 

118, Two boys, each exerting a force of 10 Ib. wt., 
rotate a horizontal beam, 6 ft. long, pivoted at the mid- 
point, Find the moment of the couplein gravitational 
and absolute units. The forces act at the ends and at 
right angles to the length of the bar. 

119, What will be the couple in example 118, if the 
forees are pirailel and inclined to the length of the 
bar at 30°? 
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120. A water-pot weighing 40 lb. is to be raised from 
a well by a wheel and axle. The radii of which are 20 in. 
and 4in, respectively. Find the force that’ must be 
applied to the wheel arm and the presaure on the supports. 

Hint: The moments of the two forces acting along 
the two circumferences are equal. 

121. A capstan has five spokes projecting 8 ft. from 
the axis. The cylinder ronnd which the ropeis wound 
has a diameter of 7 in. If five men exert a pull of 70 lb. 
each at the end of the spokes, find the tension in the rope. 

Hint: The moments about the axis are equal. A spoke 
igs aforce-arm. The length of the arm is 8 ft. 

122. The weight of an anchor is 3-6tons. If the 
radius of the axle of a capstan round which a rope is 
wound be 4 in., and to raise the anchor four sailors are 
required to exert a force of 112 1b. cach at the end of the 
spokes, find the Jength of each spoke, 

1123. A cylinder 6 cm. in height and having a base 
radius 2:25 cm. is placed onan inclined plane in a vertical 
position. Find the inclination of the plane when the 
cylinder just topples over. 


Hint: The vertical line passing through the centre of 
gravity of the cylinder must also pass through a point 
just a little beyond the circumference of the base in the 
inclined position. Tan @ = 2.25/3-00. 

124, An iron rod 60 cm, in length and weighing 2-5 
kilos balances on a knife edge put under it at a distance 
of 25 cm. from the end 4, when a weight of one kilogram 
is suspended from the same end. Find the position of the 
centre of gravity of the rod. 


~ {Though the theory on contre of gravity is not in the syllabus» 
the examples of fundamental importance v ee could be worked 
out with the help of the portion studied in the High Schools are 
given here, 
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Let «x be the distance of C.G. from the knife-edge, then 
taking the moments about the point of support, we get 
25xl = 4x25 «. 2 = 10cm. or 35 cm. from A. 


125. A wooden pole AB, 20 ft. long, balances on a 
peg put under it at a distance of 12 ft. fromthe end A. 
It also balances ona peg put under its centre, when a 
weight of 10 lb. is placed at thesame end A, Find the 
weight of the pole. 

Hint: In the first case the position of the centre of 
gravity is ascertained. Itis 2 ft. from the centre on the 
side of B. The weight of the pole acts through the centre 
of gravity and this is balanced by the force of 10 lb. wt. 
acting at A. 


126. A uniform metre-rod AB is freely suspended at 
a point 10 cm. from the end A. A load of 80 gm. attached 
at a distance of 2cm. from the same end is just able to 
keep the rod horizontal. Determine the weight of the rod. 

127. A uniform rod AB 3 ft. in length and weighing 
10 Ib. is placed horizontally on two supports at a distance 
of 10in. Find the position of the support from the end A, 
if the pressure difference on the supports is 4 lb.wt. 


Let the supports be P and Q and the pressure on 
them pandg respectively. Let the distance of P from 
the enc A be win., then that of Q@=2+10in. By data, 
p-q=4ibwt. but pig=10lbwt. . p = 7 b.wt. 
and g = 3 lb.wt. 

Again the weight of the rod acts vertically down- 
wards through its C.@., hence taking the moments of 
the forces about the point 4 we get 7a+3(2+410) 
= 18x10 


x = 15in, and x4-10 = 25 in. 
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5. Friction 


The coefficient of fricticn on a plane surface 
_ force of friction between the surfaces 


~ normal pressure acting on the surface 


EE os Eo 


for a horizontal surface 


° 


But /= f for a surface makingan angle 6 
e W cose with the horizontals 


Also / = tan 9, where f is the limiting angle or the 
angle of repose as the case may be. 
128. The coefficient of friction between the two sur 
faces is 0-3. Find the force of friction, if the normal 
pressure is 100 lb. wt. 


Since force of friction= /£ x normal pressure 
f= 03x 100 
= 301b., wt. or 960 poundals. 

129. A force of 30 lb. wt. is required just to push a 
trunk weighing 2001b., along the floor of a ware-house, 
Find the coefficient of friction between the surface of the 
trunk and the floor. 

Hint: The force applied just overcomes the force of 
friction, hence it is equal in magnitude to the friction. 


130, What force does a horse exert on a Jevel ground 


in pulling a cart weighing one ton? The cart possesses no 
wheels and the coefficient of friction between the surface 
of the cart and the road is 0:2 


*Portion which is not in aye syllubus is of fundamental 
importance to a First Year and P. U. Student, is included with an 
asterisk mark at the begining of i section. These problems 


can be solved by an average student with the help of the High 
School Physics. 
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131. A stone brick, weighing 100 Jb., rests on a rough 
ground. Find the force applied parallel to the ground to 
just move it. (#=0-2.) 

132. A railway porter uses a hand-cart “for carrying 
some luggage weighing 144 1b. If the poles of the cart 
are inclined to the horizontal at an angle of 23°, find the 
force required to start it moving. How much force would 

have been saved, if he were to start the cart with 
horizontal force 2? /&=0-23 and cos 23°--0°92. 

Hint: Firet determine the frictional force. The 
porter has to exert a horizontal force to just overcome 
this friction. The angle between the poles and the hori- 
zontal is given, hence determine the force along the poles. 

133. <A body weighing 120 lb, rests on a rough hori- 
zontal platform and is just being moved along by a force 
of 40)}b.wt. making an angle of 80° with the horizontal, 
Find the force of friction and the coefficient of friction. 

Hint: The forces acting on the body are three (i) its 
weight, (2) the force of friction and (8) the force applied. 
Draw the triangle of forces. The horizontal! component 
of the force upplied is equal te the force of friction. The 
pressure on the surface is equal to the weight of the body 
minus the vertical component of the force applied. 

134. A heavy truck’ with a plane bottom is lying on a 
rough horizontal plane. It is acted upon by a force 
inclined at 30° to the horizontal and the force is increased 
till the body just begins to slide. Compare the force with 
the load to be moved. (H=0.3). 


6. Work and Energy.* 


When a force F acts on a body and thereby its point 
of application moves through a distance S in the line of 
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action of the force, the work dons is given by the product 
of the force and the distarnec, li=FxS (i) 
Power = Rate of doing work= monce | distance 
time 
One horse-power (H.P.}=746 watts or 550 ft lb./sec. 
The potential energy (P.£.) of a body is the energy 
due to its position and is given by mxgxh. (ii) 
The kinetic energy (K.E.) of a body is the energy 
due to its motion and is given by 4mv’; where m,v,g, and h 


have usual meanings. (ili) 
Work done by a couple C in rotating a system through 
an angle of 9 radians=C x #). (vi) 


135. How much work is spent in moving a truck at 
auniform speed of 10 ft./sec. against a resistance of 


40 lb.wt. for 10 sec,? Find the rate at which the work 
is done. 


Distance S through which the truck moves in 10 sec. 
against a force of 40]b. wt. is (10x10= ) 100 ft. 
Hence the work done against this resistance = (40 x 100) 
= 4000 ft. lb. Again the rate of doing work = (4000/10=) 
400 ft.lb./sec. 

136. A farm tractor draws a plough at a speed of 

2-2 ft./sec. Find the horse-power at which the tractor is 
working, if the average pull exerted by it is 1000 lb. wt. 
Hint: First find the work done (in foot-pounds) per 
sec. by the pull exerted by the tractor, hence the H.P. 

137. A cyclist goes over a distance of 7-5 miles in 
one hour. If the resistance offered by the road is 7lb. wt, 
find the H.P. at which he works. 

138. A horse swims across a river 50yd. wide in 2 min. 

Supposing that it exerts one horse-power in swimming, 


find in gravitational units the resistance offered by the 
water. 
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139. An aeroplane is travelling horizontally at 
37-3 m,/sec. and is driven by an engine developing 50 H.P. 
Find in dynes the force of the backward thrust on the 
propeller. 

140. <A locomotive, weighing 100 tons, draws a train 
of carriages weighing 400 tons, at a speed of 30 mi./hr. If 
the friction between the rails and the wheels of the train 
is 10lb per ton, find the HP. developed at-the driving 
wheels. 

Hint: Total load is 500 tons. Hence the friction is 
5000 Ib. wt, 

141. A man draws a bucket of water, weighing 75 lb., 
from a well 100 ft. deep. How much energy does he spend? 

Here the work done by the man is used in increasing 
the P.#. of the bucket. The P.H. of the bucket is 
increased by (75 x 32x100= ) 240000 ft. pdls. 

(mxgxh=P. HE.) 

the energy spent by the man = 240000 ft. pdls. 


Alternative method :- 


The downward force due to the weight of the bucket 

= (75 32=— ) 2400 poundals. 

The bucket is raised through a height of 100 ft. 
against this force, hence the energy spent by the man 
= (2400 x 100 =) 240000 ft. pdls.). (W= FxS) 

142. A man, weighing 120 |b., carries a bicycle of 
mass 301b. upstairs, 25 ft, above the ground floor. 
Calculate in gravitational units the total work that he 
does, If he requires 10 sec. todo this work, what H.-P. 
does he spena ? 

143. If clouds were one mile above the earth and 
there is a rainfall! enough to cover an area of half a square 
mile of the surface half-an inch deep, how many foot- 
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pounds of work would have been spent in raising the 
water to the clouds ? 

144,. Find the H. P. of an engine required to pump 
1000 gallons of water per sec. from a well 110 ft. deep, 
assuming the water level in the well to remain unchanged. 

145. Accylindrical reservoir filled with water has a 
diameter of 42 ft. and a depth of 14 ft. Find the amount 
of energy the water possesses and the average HP. it can 
develop, if the water is delivered atadepth of 110 ft. 
below the bottom of the reservoir and the reservoir emp- 
tied in 10 min. 

Hint: The potential energy equals the work done in 
placing the body in the given position. The effective head 
of water is from the point of delivery to the mean height 
of the water in the reservoir, 

146. A machine-gun fires 300 bullets per min. each . 
weighing 1 oz, with a velocity of 1600 ft./sec. Find the 
kinetic energy of the bullets and the H. P. at which the 
gun is working. 

The buliets discharged per sec. = (800/605) 5. 

The velocity with which each 

bullet leaves the gun = 1600 ft,/sec. 

Mass of the bullets leaving the gun/sec. =(,4 x 5=) |b. 

Hence the K.H. = (5 xX 75 x 1600? =)4 x 10° ft. pdls. 

7.e. 12500 ft. lbs.and H. P. =('2589=)22 8. 

147, A mass of 30 kg. starts from rest and after a 
short time is found to be moving with a velocity of 
j4:4km./br. How much kinetic energy (in joules) does 
it possess ? 

148. A 4-02, bullet is shot vertically upwards. What 
ig iis kinetic energy, when it leaves the gun, if its muzzle 
velccity is 400 ft./sec ? How high wiil it rise, if all the 
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energy is utilised in rising up? Neglect the effect of the 
earth’s attraction. 

Hint: The K.H. which the bullet possesses when it 
leaves the gun, utilized in raising its P.Z. 

149. A person throws half-a-pound stone vertically 
downwards from the edge of acliff. Ithits the ground 
below after 10 sec.; the initial velocity acquired by it in 
the act of throwing being 22 ft./sec. Find the velocity 
with which it strikes the ground, the height of the cliff, 
the momentum and the energy of the stone at the time of 
impact, 

150. Asmall body of mass 150 gm. moves along a 
straight line and at times ¢=0,1,2,3,4 sec., it is at 
distances 12, 21,38,63, and 96 cm. respectively from a fixed 
position in that line. Find (a@) the acceleration, (6) the 
force acting on the body, (c) the kinetic energies at 
times t=-0, and t=5 sec. [I.Sc. 1924] 

Using the relation s=vi+dal’,we get 


21-12=v, +4a%x1, space covered during Ist sec, 


38 -12=v0,x2+4ax4, 5 3 . 2 sec, 
l7=v, --+4ax3, ,, 5 + 2nd sec, (4) 
Again 63 - 12=v, x 3-+-4a x 9 space covered during 3 sec. 
96 -12=v,x4+3ax16 _,, 5 os 4 ,, 
33=2%, ayX7 4 », 4th sec.(it) 


Solving (7) and (it) for v, and 4 we get g =8cem./sec.* 
and v,=5em./sec. (6b) Hence the foree on the body 
is (150 x 8= ) 1200 dynes, from f=mxa, 
(c) Velocity of the body, 

(i) when t=0,» is 5 em,’sec. and 

(ii) whent = 5,v, = (548%<5= ) 45 cm.,’sec, 

K.E. in case (i) =(4%150,,5'= ) 1875 ergs, 
and K.E. in ease (ii)= (2150 x 45%= ) 151875, 
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151. What force will stop, in half a mile, a train of 
200 tons moving at 30 mi./hr. ? Express the result in 
gravitational units. 

Hint: The K.E. of the train has to be used up in 
moving through half a’‘mile against this force. 
the K.E. with the work done :— (K.H.=F.xS.) 

152. Aman catches a cricket ball of 6 oz, travelling 
at a speed of 40 ft./sec. and in doing so draws his hand 
back through one foot. Find the force (in absolute units) 
exerted by the ball on the hand while coming to rest. 

153. A bullet, weighing 50 gm. leaves the muzzle of 
a gun with a velocity of 500 m./sec. If the barrelis 100 cm. 
long, find the mean pressure in dynes excrted by the 
powder upon the bullet. 

154. A bullet weighing 25 gm. leaves the muzzle of a 
gun with a velocity of 500m./sec. It is stopped by an | 
impact against a bone in which it penetrates through a 


distance of 2-5 em. Find the force with which the bullet 
enters the bone. 


Equate 


155. A body moving horizontally with a velocity of 
10 ft./sec. meets a smooth inclind plane rising 1 in 2, 
How high up the plane will it go in virtue of its motion ? 
Ifm be the mass of the body andh the height to 
which it rises against gravity, the P.Z. acquired by 
the body will be mxgxh. Also its K.E. at the foot 
of the incline=4m y 10? 

Since all this kinetic energy is expected to be 
uonverted into potential energy of the body, as there 
is no Waste due to friction etc, we have 

m xg x h= 4m x 10° 
h= 1% ft. 
156. A cricket bail, weighing 6 ez., falls from a height 


é 
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of 64 ft. vertically downwards. What is its kinetic energy 
when it reaches the ground ? 

157. A stone is dropped from the top of a tower 20m. 
high. If the weight of the stone is 0-5 kg,, find the kinetic 
and potential energies (in joules) it possesses at the end 
of the second second. 

158. A couple of movement 200 lbs. ft, acting on a 
see-saw rotates it through (1) an angle cf 5°, (2) an angle 
of 30°. Determine the work spent in each case. 

The work done is the couple multiplied by the angle 
(in radians) turned through, and 

5° =-0-0873, 30° =0-5236 rad. 
200 x5 x7 
~~ 180 
and (2) work = (200 x 0-5236 —) 104-72 ft. lbs, 


Hence (1) work = ( = ) 17-46 ft. tbs. 


7, Machines 


159. Find the length of the power-arm of a lever to 
raise a 200 lb. wt. kept at a distance of 3ft. from the 
fulcrum, if the power applied is 50 lb. wt. State the 
mechanical advantage of the machine, 

160. A pair of nué crackers is 20 cm. long and a nut 
is placed 5 cm. from the hinge. If the force required to 
crack the nut be 250 gm. wt., fiind the force which would 
erack the nut directly. 

161, The oar of a boatis 10 ft, long and the row-lock 
2 ft. from the handle. If the oarsman pulls with a force 
fo 100 ib , determine the force exerted in propelling the 
boat. 

162. A bucketof water, weighing 50 |b. is lifted by a 
wheelandaxle. Ifthe axie is 3in. in radius and the 
wheel 1-5 ft.. find the least effort applied to lift the bucket. 

a 
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Here the load moves throvgh a distance of (27% x 0-:25=) 
0-57 ft. during the time the effort moves through 
(27% =1:5—)3 nit. Hence the work done on the machine 
FyS=(P x 3n=)3nP ft. lb. where P is the power in 
lb: wt., while the work got from the machine 

= (50 x 0-57 =)25¢ ft. Ib. 
As the fraction is to be neglected, both the amounts 

of work are equal. “. 3¢P = 257, “, P=81 Ib. wt. 

163. In the second system of pulleys, there are 
3 pulleys ineach block. Find the effort required to raise 
a load of 100 lb., if the weight of the lower block is 8 lb. 
and the string is tied to the upper block. Neglect fraction. 
As the string is tied to the upper block and as there 
are 3 pulleys in each block, the number of stands 
between which the weight is divided is 6. Hence 
when the effort moves through 6 units of distance, 

the load moves through one unit, 
But energy supplied =energy got from the machine. 
-. effort x6=load x 1, because fraction is neglected, 


Hence effort= coe = 18 Ib. wt. 


164. Inthe second system of pulleys there are 4 
pulleys in each block, Find the average force of friction 
in each pulley, if 69 \b. can be raised by a force of 10 b.wt. 
The weight of the lower block is 10 lb. and the string is 
tied to the upper block. 

165, Find the weight of the lower block in the second 
system of pulleys, if a load of one ton can be raised by a 
force of 226 lb. wt. Each block contains 5 pulleys and 
string is tied to the upper block. Neglect the friction. 

166. Inthe second system of pulleys, an effort of 
70 1b. wt, just supports a load of 200 Ib. wt., and an effort 


6—E.F.Y.F. 
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of 52 Ib. wt. supports a load of 110 lb. wt. What is the 
weight of lower block and the force ratio? The friction 
may be neglected. 

Hint: Assume w the weight of the lower block. 
Since the force ratio in the first case is equal to the force 
ratio in the second case, calculate wand hence the ratio 
of the total Joad raised to the effort applied. 

167. A man wants to load a safe, weighing 1000 !bs, 
ina car which is 3 ft. high from the ground. How long 
an inelined plank should be used, if he is able to exert a 
maximum forec of 150 lb. wt. ? Friction is negligible. 

Let J ft. be the length of the plank required, then, 
energy that can be supplied by the man = 1. 150 
{t. lb. The work to be done by the ‘ machine’ 

=(3 x 1000 =) 3000 ft. Ib. 

Hence neglecting friction, 1507—3000, ..J=20 ft, 

168. A cooly wants to raise a bale of cloth, weighing 
480 lb., upto a ware-house door which is 30 in. above the 
ground. Yow long an inclined plane must he use, if he 
can exert a force of 120 lb. wt, 

169. Find the horizontal force to support a weight of 
100 }b, on a smooth inclined plane having a gradient of 
5 in 13.What force will be required in a direction parallel 
to the plane ? 

170. Ascrew has 10 threads to an-inch. Find the 
value of a greatest weight that can be raised by applying 
an effort of 100 Ib. wt. at the end ofa lever 2 ft. long, 
Neglect friction. 

The work done in one turn by the effort applied 

--effort » the distance through which the point of 

application moves 

= (100. 2 x 2—)4007 ft. Ib. 
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The work done by the screw during one turn 
=load x height through which it is raised. . 


= (Ww x rowis ds W ft. 1b. 
where W is the weight in pounds that can be raised, 
ig0 W = 400% 

W =150816 ib. wt. t.e. 67- 43 tons. 

171. A wan is able to create a pressure of 6284 lb. wt. 
on the press-board of screw press by applying a force. of 
50 lb. wt. at the end of the lever 2 ft, long. Find the pitch 
of the screw. 

172, Abody weighed successively from the two arms 
ofa balance has apparent weights 241b. and 265 |b, 
respectively. Find the correct weight of the body and 
the ratio of the arms of the balance. 

Leta and 6 be the arms of the balance, W the correct 
weight of the body; then taking the moments of the 
force about the fulcrum, we have 
Wxaz=24band Wxb=25a, 


W? = 24x25, 2. W = (24x 25=) 24.49 Ib, 
‘and = a/b='V/ 24/25, 

173. The arms of a false balance are in the ratio of 
20:21. What will be the loss or gain to a customer, who 
wants to buy 5l1b. of goods at 8 as, per Ib., if the trades- 
man places the articles to be weighed at the end of the 
longer arm ? 

Hint: Taking the moments of the forces acting at 
the ends of the arms, determine the actual weight of the 
goods the customer gets. Hence calculate the loss or gain, 


LIGHT 
1. Velocity of light 


Light travels through space with a velocity of 186000 
mi./sec, or 299800 km./sec. 

1. Earth’s orbit is 186x 10° mi. in diameter. Find 
the time required for the light to travel from the sun to 
the Earth, Assume the orbit to be circular. 

2. Find the distance of the star Arcturus, if lightfrom 
it requires 3:2 x 10° sec. to come to the Jiarth, 

3. If the star Sirius, distant 52x10‘? mi. from the 
Earth, were to explode suddenly, how long would it be 
before the astronomers on coour planet uld detect the fact? 

2. Pinhole-Camera 

4. A pinhole is made in the shutter of a dark room, 
and ascreen is held at a distance of 6 ft. from the shutter. 
Find the size of the image of a tree which is 30 ft. high 
and is at a distance of 40ft. from the shutter. 

Since the light travels in a straight line, from the 
properties of similar triangles, we find that 


size of the object_ size of the image 
distance of the object distance of the image 
. — - *, size of the image =4-5 ft. 


5. A pinhole-camera is 10 in. long. An image of a 
building 50 ft. high is obtained on the plate. If the image 
measures 4 in. in height, determine the distance of the 
building from the pin-hole. 

6. Outside a smal) hole in a wall of adark room L5ft. 
square, is a tower 24 ft. high and 60 ft. away from the 

St 
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wall. The image of the tower falls on the other wall of 
the room. What is the size of the image ? 

Hint: As the room js 15ft. by 15 ft. in base-area, 
the distance of the image from the hole in the wall is 15 ft. 


3. Photometry 
Suppose 
I = the intensity of illumination cn a surface, 
ZL = the illuminating power of a source of light, 
d = the distance of the source from the surface, 
9 = ‘he angle of incidence of the rays on surface, 


then 
(@) £ « I/d, ZL remaining constant. 
(vw) L « @, L 2 »y 
(wi) Ioe« OL, d 5 ry 
(iv) LI « cosQb,d,, 55 
candle-power 


Foot-Candle* — ~~ -—,- =) 6. 
: foot? 

7, Compare the intensity of ijlumination on a surface 
due toalamp of !00c. p. ( candle-power) placed 20 ft. 
away from the surface to that due toa similar lamp placed 
50 ft. away from the same surface. 

Applying the Law of Inverse Squares, as L is constat 

I, da, 50x50 25 


7,-4.2 20x20 " 4 


- *Foot-candle’ is a unit of intensity of illumination. It is 
equal to the intensity of illumination received by a surface one 
foot away from a standard candle. 

The other unit for the same is‘ Lux’. Itis the illumination 
produced by a source of unit luminosity on a screen situated one 
metre away from the source. The Lux may he called a 
metre-candle. 

‘A Standard-Candle’ is defined asa candle of puro sperm 
wax / in. in diameter and weighing six to the pound, and burning 
at tho rate of 120 grains an hour. 
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8- Two Jamps are placed at distances of 30cm. and 
40 cm. respectively from the screen of a Bunsen’s Photo- 
meter. If the brightness of the spot is the same on both 
the sides, find the ratio of the illuminating powers. 
When the two lamps are balanced, intensity of 
illumination due to both the lamps is the same. Hence, 
L,_ da? I, 900. 9 
Lb, @* °° L, ~ 1600° “16 
9. How many candles are required to produce, at a 
distance of 60 cm., thesame illumination as one candle at 
a distance of 10 cm. from a screen ? 
9a. A lamp of 30c.p. was placed at distance of 
60 c.m. from a grease spot and another lamp of 10 c.p. 
was kept at a distance of 60 cm, from the same screen on 
the other side of the spot. Find the position of a third 
lamp of 4c.p. which would help one of the above lamps 


so as to have the spot equally illuminated. 
10. Compare the intensity of illumination on the 


floor of a hall due to an incandescent lamp of 100 c.p. 
kept at a height of 50 ft. with that due to an arc lamp. of 
1000 c.p. suspended at a hight of 100 ft. 


100 1000 
Here J, « 9500 224 I,a« 10000 
I, 100 10000 2 

I, ~ 3500% “1000~ 5° 
11. The candle powers of two lamps are to each other 
as 1:2, and their distances from a screen are as 4:5. What 
are their relative intensities of illumination on the screen? 
‘12, The distance between a 90 c.p. lamp andalOc.p. 


lamp is 20 ft. Where must ascreenbe placed to get it 


. DL ao O.P, 


equally illuminated by both the lamps ? 
Let x be the distance ( in feet) of the screen from 
the 10c.p. lamp. Then its distance from the 90 c.p. 
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lamp will be (20-2) ft. 

When the screen is equally illuminated by each 
lamp, we have, ; 
ae rey vo’ 20-#@= 43a. Hence x=5 ft, or-10 ft. 
x (20-a)? * 

There are two positions of the screcn corresponding 
to the two values of x. One is 5 ft. from 10 ¢.p. lamp 
between the two lamps and the other 10 ft. to the left 
of the 10 c.p. lamp, 7.e. 30 ft. from the 90 c.p. lamp. 
Note :— The first value (w=5 ft.) gives the arrangement for 

a Bunsen’s photometer while the second one (w=— 10 ft.) 
gives the arrangement for a Rumford‘s photomoter. 
_ 12a, The distance between two lamps of 8 and 16 
candle-powers is 6 ft: Show that there are two positions 
on the line joining the lamps in which a screen may be 
placed so as to receive equal illuminations from each of . 
the lamps and determine these positions ? 

13. A candle sends it rays against a vertical plane 
screen. If the candle is removed to thrice the original 
distance and the screen is so placed as to make an angle of 
60° with the original position, what is the ratio of the 
intensities of light in two cases ? 

If I’, be the intensity of illumination in the second 
case when the surface A is as in the first case and only 
the distance is changed, then taking J,-as the intensity 
of illumination in the first arrangement, we get 
I,/T,)=9@'@ =9, The surface makes an angle of 
60° to the first position, hence the intensity of 
illumination decreases. Let this be J,, then: 

Ly eee ee came | ae ae 

Teas n0 FE ae ee 

*14 A gas flame when burning at the rate of Seu. ft. /hr. 
placed at a distance of 100 in. from the screen illuminates 


=9. 218, 
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it equally with a candle placed at 30 in. burning at the 
rate of 1 oz.in4d hrs. The gas costs Rs, 3/—-per 1000 cu.ft., 
and the candle Re. 1/- per lb. Compare the cost of 
lighting a room with gas and candle respectively. 

[B. A. 1924] 

Hint: Compare the illuminating powers, then deter. 
mine the number of candles equivalent to one lamp; hence 
calculate the cost per hour of the quantities ofthe gas 
and the candle consumed from the prices mentioned. 

15*. A lamp when kept at a distance of 45 cm, from 
a grease spot balances another lamp at a distance of 51 em, 
from the other surface of the spot. A glass plate, which 
absorbs 19% of the light incident, on it, is interposéd 
between the stronger lamp and the spot. By what 
distance must this lamp be taken nearer the spot to 
illuminate it again equally ? 

16. 200 c.p. electric lamps are used for street lighting 
ina big city, The minimum illumination at any point 
along the street is desired to be the same as is obtained 
with an ordinary 4.c.p. lamp at a distance of 33 ft. Wind 
the number of lamps that would be placed along the 


street 2 m. long. 
Hint: The total minimum intensity of illumination, 


due to any two successive lamps, at a point on the road 
midway between the two, must be as much as that given 
by asingle lamp of 4.c.p. at a distance of 33 ft. Hence 
find the number of lamps, Add one more to this number. 

*17. A big hall 40’ x 60’ is to be illuminated by two 
lamps placed symmetrically along its length so as to 
provide for minimum illumination at any point within it 
asis provided by an ordinary 4c. p. table Jamp at a 


distance of 2-' ft. Find the minimum candle power of 
the gas-lights for the purpose. 
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Hint: Lamps when symmetrically arranged will have 
the positions 20 ft, away from both the side-walls, so that 
the distance between the two will be also 20 ft. 


The illumination due to both the lamps will be 
minimum at the corners of the hall when they are 
properly arranged. The intensity of illumination to 
be compared with is given by 4/2-5°, 

18. What is the candle-power of a lamp which pro- 
duces an illumination of 10 foot-candles on a surface at a 
distance of 5 ft. ? 


candle-power 


i ¢ = a ee = ed . 
Since foot-candle = foot? ,c.p.=(10x5’= ) 250 


19. If 4 ft-candles is the proper illumination for 
reading, how far from the page of a book would you keep 
a lamp of 16 c.p. ? , 

20. 25 sec. is the proper time for exposure, when 
printing a photograph by a gas-light kept 10 in. away from 
the printing frame. Determine the time of exposure 
required in printing from the same negative, when the 
same light is keep 20 in. away. 

Hint: The time of exposure varies inversely as the 
intensity of illumination. 

21. Aphotographer finds that a print exposed for 
5 sec. by keeping at a distance of 4 ft, from an electric 
lamp is over-exposed, He desires, therefore, to give 4 of 
the exposure to anotber piece of the same paper keeping 
it exposed to light for the same time as before. Find the 
distance at which he should keep the printing frame 
from the lamp. 


4, Plane Mirrors 


(i) Ifa mirror is rotated through an angle (, the 


90 LIGHT 


reflected ray is rotated through an angle 29, the incident 
ray having the same path both before and after the 
rotation of the mirror. 

(ii) In the lamp and scale arrangement, if D is the 
distance of the scale from the mirror and d the distance 
through which the spot of light gets shifted of the scale 
when the mirror is deflected through g radians, then we 
have tan2qg =d/D. If 4 isvery small, 2q = d/D. 

22. Find the true altitude of a star, whenit is found 
to be 60° by means of an artificial horizon, The mirror 
employed for the artificial horizon is inclined at an angle 
of 5° to the horizontal and slopes down from the observer. 


23. A scale was kept 50cm. away from the mirror of 
a mirror galvaaometer and a spot of light was found to 
move through a distance of 20 mm., when a current was 
passed through the galvanometer. Find the angle of 
deflection of the mirror. 


Since the angle is very small, tan2q =2a From 


. d 
the relatian, tan2q = ap We get 
d 2 


to on 80 0-02 radian. 
24, Calculate the angle of deflection when a spot of 
light moves through (1) 100cm. (2) 12:5 mm., the 
-mirror and the scale being at the usual distance of 100 cm. 
{ 1.Se, 1925 ] 


*25,. Aray of light is incident on a plane reflecting 
surface at an angle of 30°, find the deviation produced in 
the incident ray. What will be the deviation, if the ray 
suffers a reflection again ata surface inclined at 60° to 
the first one ? 
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(i) The deviation 5, is q -(t+7r) =m - 20 
= 180° -2 x 3% = 7%, 
(ii) The deviation §, due 
to the other surface is 
n-(t-+7r,) =n - 2%, 
but if 9 be the angle between 
the two surfaces, ) = i+%,. 
the deviation § due to 
the successive reflections ati 


Deviation (1) 120°, 
Deviation (1) 24P oth -h. . 8 


= 2m - 29= 360° — 120°...240° 


5. Spherical Mirrors ° 
1 1 2 l. : 
- + Mal aaaer in case of mirrors 
Magnification = image Le) ( for linear magnification ). 
object (O)’ 
ieee: : ‘linear size of the image 
Magnification = abr 


linear size of the object 


the distance of the image* (v ) 


the distance of the object (u ) 


26. The focal length of a concave mirror is2m, What 
is the position of the image, when the object is at a 
distance of (a@) I1m., (6) 2m, (c)3m,,(d) 4. m.and 
(e) 5m, respectively from the mirror ? 

From the general formula for mirrors, we have 


* All the distances measured froma mirror (ora lens) in an 
opposite sense to that in which the incident light falls upon the 
mirror ( or the lens ) are taken as positive ( --ve ) while those in 
the same sense as the incident light ag negatixe ( -ve)- To avoid 
confusion we restrict to the usual convention of signs. Refer author's: 
LY. Practical Physics (P.U.C.) Appendia Jl. 
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Lee ee 
rig ae Yee 
2x1 5 . . 
(a) », pe 2m. i.e. the image is 2m. 


behind the mirror. 


(6) v, =g 29 = ®: The image is at infinity, 

(c) v, aS = 6m. i.e. the image is 6 m. in 

front of the mirror, 

(d) », 2 = 4m, The image is 4m. in front ,, 

. (e) %, =2x° =3im.The image is 34m. ,,__,, 


27. Determine the position and the size of the image 
of an object 10 in. high placed 30 in. away from a concave 
mirror of 20 in. radius of curvature. 

28. An object 4cm. high is placed in front of a 
concave mirror and its image is received on a screen 
placed at a distance of 15cm, fromthe object. If the 
image is 5cm. high and parallel to the object, find the 
focal length of the mirror. 

Here v = u-+ldandy/u = 5/4 3 w= 60cm. and 


v= 75em. .. from the usual relation for mirtors 
1 1 1 Fs 
P— are tt . = 190 = . 
we get, ee at G0 . f= (1% ) 33-3 cm. 


' 29, An image formed by a concave mirror is 4 times 
the object in size. Tho focal length of the mirror is 20 in. 
Determine the position of the object from the mirror. 

Hint: There are two positions of the object; one 
giving a real image in front of and the other giving a 
virtual image behind the mirror, Take theproper algebraic 
sign for the magnifications. 
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« 30. Find the size and the nature of the image of an 
object which measures 4 in. by 3 in. when it is held ata 
distance of 30 in. in front of a concave mirror of focal 
length 20 in. : 

Hint: Find the length of each side in the image. 
31, If an image produced by a convex mirror in one- 
half of the object in size, find the distance of the object 
from the mirror, The focal Jength of the mirror is 30 cm, 
Focal length f and the distance of the image wv are 
negative quantities in the case of a convex mirror. 


Hence we have v/u=-1/2 ~*~ 2v=-u. Also 
l 1 » , 2,1 Ds 
. + - = = 30 BF Smee = = 30 . &@= 30cm. 


32. An object 2 cm. in length is held at a distance of 
50 cm. in front'of a convex mirror (7=30 cm.). Find the 
nature, position and the magnitude of the image. 

32a. An object is (a) 40cm. (6)'20cm. (c) 5em. 
in front of a convex mirror of 20 cm. radius of curvatur 
Where is the image in each case, and what 


is th» 
magnification ? 


[1.Se. 1985 ° 

33. A plane mirror is placed 22-5 cm. in front of « 
convex mirror, the top of the plane mirror being on a Jevel 
with the centre of the convex mirror. A rod is placed 
50 cm. in front of the convex mirror, and its images in the 


two mirrors coincide without parallax. Find the focal 


[ T.Sc. 1924 ] 
Hint: The distance of the object from the convex 


mirror be measured directly, That of the image from it 
is given by the difference betweer the"distance of the 
object from the plane mirror and that between the two 
mirrors. 


length of the convex mirror. 


34, A plane mirror and a convex mirror are placed 
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facing each other at a distance of 26 cm., the upper edge 
of the plane mirror being on a level with the centre of the 
surface of the convex mirror. When a luminous vertical 
slit is placed behind the plane mirror ata distance of 
60 cm. from the convex mirror, an image ofthe slit is 
seen in the plane mirror coinciding with the slit itself 
without parallax. Determine the focal length of the 
convex mirror. 

Hint : The image formed by the convex mirror gives 
its own image by reflection in the plane mirror, This 
latter is formed in the position of the slit and its distance 
behind the mirror being known, the original image in the 
convex mirror must be at an equal distance in front of 
the plane mirror. Thus find v for the convex mirror, « 
is given. 

35. Aconcave mirror (7r = 30cm.) and a convex 
mirror (r = 20cm.) areplaced facingeach other and 
50cm. apart. An object 5cem. long is placed perpendicular 
to the common axis of the mirrors in front of the concave 
mirror ata distance of 24cm. from it. What will be the 
position and the character of the image formed by the 
two reflections, first at the concave and then at the 
convex surface ? 

6. Refraction at a plane surface 


Refractive index / of a substance with respect to 
air is given by 
velocity of light in air* ____ v air 


(1) »=<clocity of light in the substance ~ 0 substance 


sing , 


sine of angle of incidence 2 
sin 7 


sine of angle of refraction r 


(li) p= 


*To be more precise, the velocity ot light in vacuum should 
be considered. However for ordinary purposes velocity of light 
in air is taken. 
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real thickness of the substance H 
apparent thickness of it = h 


(iii) # 


: I : a 
., (ww) k= Sine? where C is the critical angle for 


the surface separating the two given media. It may be 
defined as the largest angle of incidence which allows any 
of the incident light to pass through into the rarer medium. 

Tf aray of light passes from one medium A to the 
other B and again emerges in A then, 

(v) aby X phy = 1 or gh = 1/ phy 

(vi) If the refraction takes place through a pile of a 
number of paralle] plates of media A,B,C,D,...A say, then 

ale X plo X ofp X pKa = 1 
(vii) f=sing (0+8,)/sing © fora prism. If @ be very 
small, we can write itas@ #=9+8,, or 8,,=((H-1). Hence 

(viii) dispersion between v and 7 lights (say) 

by — by = Lf ) i) 

36. Find the refractive index of water if the velocity 
of light in it is 143330 mi./sec. and in vacuum ig 
186330 mi,/sec. 

37, The angle of incidence of a ray of light on a plane 
glass surface is 50° and the corresponding angle of 
refraction is 80°. Find the refractive index of the glass. 


We have, # = ae and i = 50°, 7 = 30°. 
sin? 
sin 50° 0-766 
B= cin 30° |= 0-500 = 1582. 


38, A ray.of light is incident on a plane surface of a 
glass cube at au angie of 60° to the normal and the refra - 
tive index of glass is 1-5, What is the angle of refractio1 2 


39, Find the angle of refraction of a ray of lig.at 
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which passes from air into water at an angle of 65°, 
(aha = 3) . 

40. Find the deviation in the path of a ray of light 
which is incident on a plane refracting surface of a glasses 
cube at an angle of 40° ( / for glass is 1-5 ). 

Hint: The angular displacement of the incident ray 
on refraction is called deviation. Find the angle of refrac- 
tion, thence the deviation. 

41. A thick glass slab appears to be 10cm. thick, 
when viewed at right angles to its surface. Determine the 
refractive index of glass, if its true thickness is 15 cm. 
real thickness of the slab 15. 
apparent thickness of it °° i9 = 

42. How much does a picture fixed to the bottom of 
a glass-cube appear raised toa perpendicular vision ? 
The cube is 6 in. thick and the refractive index of its 


i-5, 


fee 


material 1-5. 

43, When a microscope is focussed upon a pencil 
mark on a piece of paper the reading on the scale is 
14.39 cm. A glass block is then placed on the paper and 
the microscope is again focussed on the mark, the reading 
is 18:43 cm. When focussed on the upper surface of the 
block, the scale reading is 26-51 cm. Determine the 
refractive index of the material of the slab. ; 

Hint; Find the actual depth and the apparent depth 
of the mark on the paper below the upper surface of the 
block. Hence determine /. 

44. The critical angle for glass is 41°. What is the 
index of refraction ? 

*45,. Asmallelectric lamp is placed at the bottom of 
a large dish containing a liquid of refractive index $, the 
depth of the liquid over the lamp being 10cm. Find the 
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position and the radius of the smallest circle of card 
which when placed on the liquid, entirely prevents the 
lamp being seen. [1.Sc. 1929 ] 

Hint: Assuming that the image lies on the vertical 
passing through the lamp, the maximum angle of inci- 
dence on the surface for emergence outside should exceed 
the critical angle just a little to cut off the light from 
being seen. /! is given, hence determine the radius using 
trigonometrical relations, 


- 46, Find the depth of a transparent liquid keptin a 
trough, a luminous object at the bottom of which cannot 
be seen outside the boundary of a circle of radius 4 cm., 
and whose centre is in the surface of the liquid and above 
the point. ( M, = 1:25 ). 

47. A cube of aside lin. is constructed of a trans- 
parent material of refractive index 1.65. Calculate the 
smallest radius of circular discs of card required to be 
placed centrally over each face of the cube so that a 
small air bubble at the centre shall be invisible from an 
external point. 


48, Find the minimum refractive index of a sub- 
stance required to turn a ray of light through 90° by 
using a right-angled prism. Critical angle of the material 
of the prism is 45°. ; 


. 49, The angles of a glass prism are 90°, 70° and 20°, 
A ray of light enters the prism noimally at the face 
bounded by the angles 90° and 70°. If the critical angle 
for glass is 41°, show by drawing a neat figure that the ray 
will suffer two internal reflections before it emerges from 
the prism. Mark all the angles accurately. [ B.A, 1927 ] 


[—E.F.Y.P. 
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PQRS is a ray suffering one reflection at Qon AC 
(7,=70° )andother t& 
on BC (i, = 50°). Finally 
it is incident on face AC 
at S at an angle cf 30° 
which is less than 41°, 
so it emerges at 8, 


( Thus the ray suffers two internal reflections, ) 

50. The refractive index for water is 4, and for glass 3. 
A ray of light travelling in water is incident at an angle 
of 30° upona plane water-glass interface. What is the 
angle of refraction of the ray ? ‘ 

Hint: Calculate the value cf ,#,- Angle of incidence 
is given. Hence find the angle of refraction. 

51. What is the critical angle between water and 
carbon disulphide, if the refractive index ,/,. = 1-33 and 
He = 1-63? | 

52. Calculate the refractive index of a prism whose 
angle is 60° and the minimum deviation obtained for 
homogencous light is 51-5°, What isthe critical angie 
for light travelling in such a medium ? 

53. The following observations were noted to deter- 
mine the refractive index of a prism using a spectrometer, 

Angle subtended between the two positions of the 

‘telescope for viewing a ray of light reflected from the 

two faces of the prism was 120-04, 

Direct reading of the telescope when focussed 


on the slit of the collimator = 14-7° 
Reading when telescope was adjusted for 
(i) the minimum deviation on one side= 54.9 


(ii ) the minimuna deviation cn the othcr = 334-7° 
Caleulete the refraetive index. i 
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54. A prism is to be made of flint glass of which the 
refractive index for the mean ray is 1-587. To what angle 
must it be ground to produce a minimum deviation of 1-7° 4 

As the minimum deviation 5=0( / -1), where @ is 
the angle of the prism and - the refractive index of 

its material, we get 1-7?=@ (1-587-1) .. 0 = 2-896, 

55. The refractive index of rock-salt is 1-54. Find the 
deviation produced by a rock-salt prism of the angle 1°. 
Determine the angle of a prism of the same substance to 
produces deviation of 54’. 

*56, The dispersion produced by an equilateral prism 
of flint glaas is 2-16°, and that produced by a similar prism 
of crown glass is 1-38°, What should be the angle of a 
crown glass prism which can render a flint glass prism of 
45° achromatic ? _ [ B.A, 1926 

The dispersion is given by oy — 8s = (Hy - HL 6 
for the flint glass prism (#,--F, ) 60 = 2-16 
“ (py-Hy) = 216/60 
Similarly for the crown glass prism ( /4’, -/4’, ) 
= 1.38/60. For achromatism, (/,-/,)0, = (H’,-F’,) 0. 
0. = 2-16 60 


60 4 1-38 x 45 = 70-42°, 


7. Refraction at a curved surface 


For a single spherical surface of refractive index py 
and the radius of curvature R, when an object is 
(i) in a rarer medium; (ii) in aidenser medium 

ee ee a Ws 9 1 dealt 
ou Rk » uw R 
*The side on which lightis incident is called the front of the 


surface. All distances measured in front of the surface aro taken 
as positive and those measured behind the surface are negative, 
Take ihe distance f1cm the pole of the surface, 
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57, Asmallair bubble is in a sphere of solid glass of 
8cm,radius. It is situated 2 cm. from the centre and ig 
viewed from the side to which it is nearest, Where will 
itappeartobe? (,y, = 1-4). 

The actual distance wu of the bubble from the surface 
at which it is viewed is 6cm. To find the apparent 
distance v, since the ray starts from the object in the 
glass and comes out in air we have to use the relation 


FH Pa 


» uU R 2 
l i ag 4_1 
. weget = -% Sots Rag 77 UH 545 om. 
from the aes of Rs sphere, on a radius through 
the object. 


58. A small object enclosed in a sphere of solid glass 
of 6 cm. diameter appears to be 2 cm. from the surface 
when looked at along a diameter, Calculate the true 
position of the bubble. (gu, = 3), 

59. A glass sphere is 10 cm. in diameter, A small air 
bubble inside the sphere appears to be 2cm. from the 
nearer sutface of the sphere when it is viewed along that 
line which passes throughthe bubble and the centre of 
the sphere. What is the true position of the bubble? » =1-5. 


8. Spherical lenses 


* Focal length of a lens is given by 


on oe 
ea (1) 
l ] 


*Nate that in the caso of lenses 2f 7s not equal tor, Also in 
the application of the furmula, remember the convention of 
algebraic signs for fandv. Refer to the footnote on page 91 and 
7 above. 


also section 7 
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f= ae for a converging lens; here D is the 

distance between the object and ascreen, while d@ is 

the distance between the two positions of the lens at 

which it gives an image on the screen. (3) 

60. An object, 6 cm. high. is placed at a distance of 
120 cm. from a thin convex lens and an image is formed 
on the other side 40 cm. away from the lens. Find the 
focal length of the lens. Calculate the magnification also, 
What is the size of the image ? ' 


: ee ae 1 1 1 
Since i a for a leng, we have f = [a0 7 190. 
where v =-40cm. u = 120 cm. 

1 3+1 
F = 7 120 or f = -30 cm. 
; ; _ vw 40 1 40 
Again the magnification u7120 7 0 7120 = 0:33. 


Hence If the size of the image = (6 x 4°, = ) 2 om. 

61. Find the minimum length of a photographic plate 
required to take a full size image of a man 5 ft.-6 in, 
high standing at a distance of 20 ft. from the camera-lens 
of 10 in, focal length, 

Hint: Find v using the values of wand f. Then 
determine the magnification. Size of the cbject is given, 
hence determine the size of the image. That gives the 
required length of the plate. 

62. A lantern slide, 8cm. square, is to be projected 
on a screen 6 m. away from the lens so as to give apicture 
3m.square, Find the focal length of the lens required. 

Hint: Take the linear magnification. Refer to Ex. 30. 

63. Where must an object be placed in front of a con- 
vex lens (f = 20cm.) to form an image 4 times as large 
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as the object (a) when the image is real, (6) when it is 


Virtual ? ‘ ‘ 

(a) a= -4 5, : = -4, as the image is on the other 
side of the lens when itisreal. «. v= -4u. Again from 
the genera] formula for lenses, after putting in the value 

1 ol 1 5 1 
of vand f, we have , ae a ees hence du = 30 
u = 25cm. 

(6) _ = < = 4, as the image is on the same side 
of the Jens as the object v is positive. .. v = 4u, there- 
fore as in (@) using the general relation, we get 

I 1 3 1 
te te = 50 g hence in = 50 = ldcm. 


64. A ee glass is held 5 cm. in front of a book 
and the print appears 3 times as large. What is the focal 
length of the lens ? 

Hint: Here values of w and the linear magnification 
are given. Hence calculate f. The image is virtual. 

65. An object is 6 ft. from a wall; the two positions 
at which a given convex lens may be placed to get a sharp 
image of the object on the wall are 2 ft. apart. Calculate 
the focal length of the lens. 

*66. A convex-lens is placed in front of an object so 
that the image is of the same size as the object. The lens 
is then moved towards the object till the image is twice 
the size of the object. Find the focal length of the lens, if 
the distance through which the lens is moved be 10 cm. 

[ I.Sc. 1916 ] 
In the first arrangement the magnification m, is 
unity, hence, -v=w. Inthe second arrangement the 
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magnification m,=—-v' /(u-10)=2 2 wv =2u-20 

and w’=u-10. Taking the usual formula for fences 

we get 

1 1 4 } Pome | 1-2 

[ae (e- iO ae io) - 0 5 

f ~(2u-20)/3; but we have also w = —-v= ~ 2f, 
*, 3f = 4f4-20 or f =- 20cm. : 

Note: v! is not equal to v+-10, The distarce between the object 


and the screen has to be increased because the valuoof w+ is 
minimum and equal to 4f when the magnification is unity. 


67, A convex lens is placed in front ofa plane mirror 


so that the lower edge of the mirror is on a level with the 
upper edgeofthe lers, An object is put between the 
two along the principal axis of the lensand perpendicular 
to it. When the distance between the fens end the 
mirror is 830 cm. and that between the object and the 
lensis 10 cm., the images due to both the lens and the 
mirror coincide without parallax. - Calculate the focal 
length of the lens. 

68. An object 9in, high is placed at a distance of 
45 cm. from a convex lens of 20cm. focal length A plane 
mirror is placed at a distance of 40 cm. from the lens on 
the other side. Find the position, the nature and the 
size of the image formed ; 

Hint: Find the distance v, of the image due to the 
lens, the image of this by the plane mirror is an object for 
the lens for the finalimage. Hence the final image is erect. 
Find the required distance using general relations, 

69. A beam of light diverges from a point S on the 
axis of a convex Jens (f=12 em.) and after passing through 
she lens is allowed to reflect from the surface of a convex 
mirror. The reiiceted beam is brenyht to a focus by the 
lens at a point coinciding with S Vind the focal length 
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of the convex mirror, if the distance between the lens and 
the mirror is 10 cm. and that between the source and the 
mirror is 30 cm. 

Hint: The incident rays are reflected back along 
the same path of incidence by the mirror; therefore the 
position of the first image due to the lens is the centre of 
curvature of the mirror. First find this position. 

*70. Calentake the gogn length of a lens from the 
following data :— 

Distance between any two outer legs 

of a spherometer = 39cm. 
Height of the central leg above a plane 

surface when adjusted on any of the 

faces of the lens = 0-168 cm, 

Refractive index of the material of the lens= 1-48, 

Hint: The radius of curvature 7, of the face on which 
the light is incident is to be taken negative while r, the 
radius of the other face positive. ( Why ?) 

71. Calculate the refractive index of water if a hollow 
converging lens filled with it has a focal length of 36cm., 
the radii of curvature of the surface being 20cm. and 
30 cm. respectively. 

72. A biconvex lens of glass of refractive index 1-5 
projects a real image of a luminous object situated 120 cm. 
away from the lens, The radii of curvature were found to 
be 20 cm. and 40 cm. How far from the object must the 
screen be placed to receive a clear image of the object ? 

5 [ B.A. 1931 ] 

7 A plane-convex lens has focal length 20 cm. and 
refract eindex 15. Find the radius of curvature of the 
curved surface of the lens, [ I.Sce. 1929 ] 

Hint: Here f=-20cm., whilevr, =a, « I/r,=0, 
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73a. The radius of curvature of the convex surface of 
a convex meniscus lens is 20 cm. and that of the concave 
surface 30cm. The refractive index of the glass in 1.52, 
Calculate the focal length. : [B Sc. 1930] 

Hint: Thelens is converging one. Bothy, and r, 
have the same sign. 

73b. Tf a lens of focal length 20 cm. were immersed in 
water, what would be its focal length in water ? (,n,=1-5, 


sae a who =1 aa aa o. whhe= ee 
1 
Again j= (y -1) (;-- 


l/f <(y—1).. the ratio of the focal length of the lens 
(fv) in water to its focal length (f,) in air is 
fulfa= (on a 1) / (wpe — 1)s hence 

fw=(1-5-1) x 20/ (1-125 - 1) we. f= 80 em. 


74. An object is situated 30 cm, away from the lens. 
If a virtual image of itis formed on the same side of the 
lense as the object at a distance of 20 cm. from the lens, 
determine the focal length and the nature of the lens. 
Hint: v < wand is positive. Value of f will bea 
positive quantity, showing that the lens is a concave one. 
75. An object 10cm. high is placed behind a concave 
lens (f-=30cm.) at a distance of 20 cm. from it. Determine 
the position and the size of the image formed by the lens. 
76. An image one-fourth in size of the object, is seen 
through a concave lens when the object is at a distance of 
30 cm. from the lens. What is the focal length ofthe lens? 
77. A convex lens forms a real image P of an object O. 
When a concave lens is interposed between P and the lens 
at a distance of 30 cm. from P, the position of P is shifted 
to a distance of 45 cm.from the lens interposed.Determine 


=): If 7, and 7, are constant 
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the focal length of the coneave lens. 

Hint; Here the object is virtual and the image real. 
u= —30 cm. and v= -45 cm, 

°78, A pin P is kept at a distance of 44-9 cm. in front 
of a concave lens ZL ( f=65:31 cm. ). A plane mirror M is 
then interposed facing the pin between it and the lens, so 
that the top of the mirror isin level with the centre of 
the lens. Asecond pin @is then held vertical behind 
the lens ata disiance of 30-4 cm., so that the images of 
P by Mand Q by L coincide without parallax, Determine 
the positions of the plane mirror. 

79. A parallel beam of light incident directly on a 
concave lens, after passing through the Jens, is reflected 
from a coneave mirror (r=50cm.). It then traverses 
back so that the rays emerging from the-lens are again 
parallel. The distance between the lens and the mirror 
is 30 cm. Find the focal length of the lens. 

Hint: The centre of curvature of the mirror coincides 
with the principal focus of the lens. Hence f=(50 - 30)cm. 

80. An object is put in froat of a concave mirror 
(r= 40cm.) so that its image cuoiucides with itself. 
Aconcave lens of unknown focal length is introduced 
between the two and the position of the object is changed 
to get its image coinciding with itself. If the distance 
between the lens and the mirror be 30cm. and that 
between the two positions of the object 20 em., find the 
focal length of the concave lens, 

Hint: The radius of curvature of the mirror is 40 cm. 
Inthe second case, the rays fromthe object at 30 cm. 
from the lens pass through it, and are reflected back by 
the mirror along the same path; and thus the raya are 
perpendicular tothe mirror, 7.e., radial, showing that the 
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image by the lens must be at Hs centre of curvature. 
Hence w--30, v—10; both having the positive sign. 


9. Powers of Lenses,—Defects of vision. 

The Power of a lens may be defined as the amount 
by which it alters the convergence or divergence of rays 
incident to the lens. Since the convergence (or the 
divergence ) of aspherical less depends upon its focal 
length, the focal power of a lens is measured as the 
reciprocal of its focal length. 

The practical unit of a focal power is the Dioptre. 
It is the power of a lens whose focal length is one metre: 

The focal power of a converging lens is positive while 
that of a diverging lens is negative for scientific purposes. 


Focal power = —- ry for scientific purposes ), 


or “sb =- - dioptres, 


where the focal length f of a lens is taken in centimetres. 

81. A convex lens and a concave lens of 0-025 and 
—0-02 focal powers respectively are placed along the same 
axis and just touching one another, Find the focal length 
of the combination, ; 
; 82, A convex lens of 4 dioptres and a concave lens 
of ~ 2 dioptres are held together coaxially to give a single 
combined lens. Find the power and the focal length of 
the combination. . ; 

The power of the convex lens—4 

and that of the concave one= - 2, 
the résultant power= (4-2= ) + 2 dioptres; 

hence the focal length — (100/2—)-50 cm, 

83. A spherical lens of 5 dioptres when combined 
with another lens coaxially gives the dioptric power equal 
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to 4.5. Determine the focal length and the nature of the 
lens combined. , 

48, An optician finds that a man’s shortest distance 
of distinct vision is 50 cm. What will be the power of the 
lenses which will enable him to read comfortably ata 
distance of 30 cm. 

The eye cannot see an object placed nearer than 

50 cm. then if f, be the focal length of the crystalline 

lens of the eye and d the distance between this lens 

and the retina, taking w=50 cm. v=d, we have from 
the usual relation, 

1 1 ] 
dad 50 Ff, 

(spectacle)lens required, then, we will have the object 

1 1 
~ 80° f, 
to be very close. Combining the above two equations 


-1 11 1 1 
. 0 ee as or f, = - 75 em. 


-If f, be the focal length of the auxiliary 


30 cm. away re +} since the two lenses are 


and the power in dioptres is ss i.e 4, or 1-38. 


Or, since the virtual image of the object has to be 
shifted farther away from it and on the same side of 
the lens, a convex lens will have to be used. Here 
v~50cm, anduw=30 cm. Calculate f of the lens. 
85, An old person can see distinctly an object placed 
at a distance of 80cm. from his eye. Required the focal 
length of a spectacle lens which will enable him to read 
a book held 36 cm. away from him. State the nature of 
the lens. 

86. A long-sighted person whose nearest distance of 
distinct vision is 100 cm. finds that this distance is reduced 


~ 
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to 20 cm. by using 4 pair of spectacles. Find the dioptric 
power of the lens used. 

87. Determine the focal length of a lens which a 
short-sighted person should use in order to see an object 
ata distance cf 10 in; when he is able to see clearly ata 
distance of 6 in. without the glasses. What kind of lens 
is necessary’? 

88. A. short-sighted person cannot see distinctly 
objects that are more than 10 ft, away. What kind of 
spectacles would he require to see clearly an object 100 ft. 
away ? [ B.A. 1929 ] 

89. A pair of spectacles is made of two similar lenses 
each having two convex surfaces of ]0 in. and 20 in, 
radius respectively, A person looking through them finds ' 
that the nearest point to which he can focus is one foot 
away from the glasses, What is the nearest point of the 
distinct vision without the spectacles? (,/, = 15) 

[ B.A. 1928 ] 
10. Simple microscopes and telescopes 
Magnifying aes m of a lens of focal length f is given by 


(i) m=l1- -,, when the image is formed at the 


distance of distinct vision D. 
and (ii) m= - = when the image-is at infinity, 
Magnifying power of a telescope. 
angle subtended by the image atthe eye 8 
“angle subtended by the object at the eye 
distance of the real image from the objective 
=listatice of the real image from the eye piece 
F, focal length of the objective 
= focal length of the eyepiece 


a 


for normal adjustments. 
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90. A certain Jens when held close to the eye magni- 
fied 5 times. What must be the focal length and the 
power of the lens, if the eye can see distinctly at a 


distance of 30 cm, ? [ I.Sc. 1925 ] 
Magnification m = 1 -— D/f. “ 80/f¥=1-5. 
f = 30/(1-5) = ~ 75 em., and the power 


of the lens is (100/7-5 ) = 13-3 dioptres. 

91, Find the greatest magnification that can be pro- 
duced by a converging lens of focal length 10cm, Take 
the distance of clearest vision as 25 cm, 

92, A watch maker’s magnifying glass has ‘a focal 
Jength of 5cm. Ifthe image is formed at a distance of 
25 cm. away for distinct vision when the lens is held close 
to the eye, find its magnifying power. : 

93. To read a micrometer scale, a person whose dis- 
tance of distinct vision is 30 cm. uses a magnifying lens of 
8 cm. focal length. Find the magnifying power of the 
lens. Find :lso the distance of the scale from the lens. 
The lens is he id close to the eye. ; 

93q. The distance of distinct vision for an individual 
is 24em. anc he uses aJens of focal length 12 cm, asa 
magnifying g 18s. Explain what will be the magnification, 
(a) if the iiaage is formed at the distance of distinct 
vision and (0) if the rays coming through the lens are 
parallel. , [ 1.Se. 1932 ] 

94. Two convex lenses, each of 20 in. focal length, 
- are situated 10 cm. apart along » common axis. An object 
2 in. high is placed 15 in. away from the first lens. Find 
the size and the position of the final image. 


*Least distance of distinct vision is between 16 to 18 in, fora 
normal eye as per opticians though we usually take it between 10 
to 12 in. for the calculations in Physics. 
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uw, = l5in, f, = f, = -20in, The position of the 
first image v, will be given by l/v,=1/15- 1/20 
-, v, = 60 in. This image is at a distance of (604-10=) 

70 in. from the second lens and acts as an object to 

it; therefore wu,—70 in, Again from 1/v, = 1/70 -1/20, 

we get v,= - 28 in, showing that the image is real 

and 28 in. beyond the second lens. The magni- 
fication m, due tothe first lens=J,/O=60/15, and 

m, due to the second lens J,/1,=28/70. 

total magnification m, X m, = (4xX2/5=) 1.6. 
I,= (16x 2=)3-2 inches, 

95. Atree 50 ft. highis situated ata distance of 
200 ft. from a convex lens of 20 in. focal length, Another 
lens of 4in. focal length is placed at a dis nce of 2 ft. 
from the first Jens along a common horizontal axis. 
Determine the sise of the final image of the tree as seen © 
through both the lenses. 

96. The objective lens of an astronomical telescope 
has a focal length of 30 in. and the eye-piece-lens a focal 
length of 2 in. Calculate the magnificdétion that the 
telescope will produce when a final image of a distant 
object is seen (i) a long way off, ( ii ) at a distance of 
12in. Find the distance between the two lenses in each case. 

(i) The magnification = F/f = 30/2—15 and the 

distance between the two lenses is ( 3042—) 32 in. 

(ii) »,=:12 in, f,= -2 in. To find u, the position of 

the first image from the eye-piece, we havel/u, 
= 1/2--1/12. 1. uw, = tin. As the object is at 
infinity, v, = F. .. the magnification = [80/ (12+7) 
= )17-5and the distance betwecn the two lenses 
= (30-+42= ) 31-71 in. 


97, A distent chimney is viewed through a telescope 
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consisting of two convex lenses. Trace the path through 
the telescope of rays from the top and bottom respectively 
of the distant object. If the lenses have focal lengths of 
60 cm. and 4:0 cm. respectively, determine the magni- 
fication when the final image (a) is formed at infinity, 
(6) is formed at the least distance of distinct vision, 7.e., 
at 30 cm. [ B.A. 1930.] 


98. A telescope has two lenses of focal lengths equal 
to 2 ft.and 2 in. respectively. Find the magnification 
when it is used to view (a) a distant object, (b) an object 
at a distance of 40 ft, from the object glass. 

Hint: in (6) find v,; the magnification will be v, / f 
instead of F/f, considering the distance of the object 
great as compared to f. 

99. An astronomical telescope, the ines of which 
have focal lengths 36 in. and 2 in., produces a real image 
of the sun on a screen placed 1 ft. from the eye-lens. 
Calculate the size of the image observed. ( Angular dia- 
nieter of the sun is 0-009 radians. ) [ I.Se. 1927 ] 

Hint: Find w, the distance of the first image from 
the eye-lens then the magnification is F/w,. Again ais 
given, hence find @ in radians. v, X 4 gives the size of the 
image (Bisthe angle subtended by the image at the 
eye-piece.4) 

*100. A ‘‘eading telescope’ has lenses of focal lengths 
25cm and 5e1i respectively. It is used to view an object. 
1m. away from the objective. If the image is formed at 
a distance of 25cm. from the eye which is very close to 
to the eye-pieve, caloulate the magnifying power of the 
telescope. 

From the : elation for lenses,we get! /v, = 1/100 —- 1/25, 
Hence v, for the objective is — 19°, Therefore, the 
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magaification m, =(1$°x 145) = }. But the eye-piece 
acta as amagnifying lens giving the image at the 
* clearest vision, hence, m, = (1-23=)6 .-. the required 
magnifying power is given by m, x m, = 4x{=2. 
( Compare Ex. 96.) 

*101. A convex and aconcave lens each 10 in, in 
focal length are held coaxially at a distance of 5 in. apart, 
Find the position ofthe image if the object is at a distance 
of 15 in. beyond (a) the convex lens (b) the concave lens, 

(a) In absence ofa concave lens, the convex lens 
would give areal image ata distance v from it. 

From = : ~ i wo get sa Fame 71 “v= = 30in, 

Now on interposing the concave lens, the image 
acts as an object to this lens w’=(~- 30+5=) 26 in. 

(Note the minus sign.) 

_— tot cog Y = 166 in. 
The final image thus is vertual and 16-6 in from the 
concave lens on the side of the object. 

- (6) For the concave lens, using the usual relation. 

1 
y= 

Hence for the convex lens, w= (645 = ) ll in. 


rot et we have v’ = 6 in. 


1 #1 ] F 
Be from ~ =n7 io Ve get, v= -110in, 


The image is real and at 110 in. from the convex lens. 

*102, A convex lena of 20cm. focal length and a 
concave lens of 4cm. focal length are situated 16 cm, 
apart to form a Galileon telescope, Find the magnification 
when the object is (1) along way off, (2) at a distance 
of 10m. from the object glass. Find the position of the 
final image. 


8— E.F.¥.Pa 
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1. Thermometry 


(1) Tochange C readingsto Ff readings of tempera- 
ture, multiply a C reading by 2.and add 32. 

(2) ‘To change from F toC temperatures, substract 
32 from £ reading and multiply by 3. 

(3) Tochange from C to A (absolute scale) tempe- 
ratures, add 273 to aC reading, 

(4) Tochange from F to A, first convert F to a 
corresponding C temperature then add 273, 

The relation can be expressed as 


(i) pe from (1) and(2) 
(ii) C+273=A from (3) 
(F - 32) 5 


(iii) —— 9 + 278 = A from (4) 


1. What Centigrade temperatures correspond to :— 
(a) 50°F (6) -40°F (c) 95°F? 

Applying the relation (i) we have 

C F-32 _C _ 50-32 


i ease ome 

.C = 10 in (a) 
gate x5 = - 40° in (6) 
Ca x 5 = 85 in (c) 


2. Convert the following readings of a Centigrade 
thermometer into degreesof Fahrenheit scale:— 
5 C,-20°C and — 273°C. 


iid 
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3, What are the readings on the Absolute scale of 
temperature corresponding to :— 
- 40°F, — 180°C, 233°C and 104°F ? 


4, What Centigrade temperatures are corresponding 
to 0°A, 300°A, 14°F and 212°F ? 


5. Anaccurate Centigrade thermometer registers 25°, 
while at the same time a faulty Fahrenheit thermometer 
registers 76:55°, Determine the error* in the faulty 
thermometer. 

Hint: First convert 25°C into degrees F., and thence 
compare the valuesin F. This will give the error. 

6. A Fahrenheit thermometer indicates 90:5°, while 
a faulty Centigrade thermometer registers 32-55°, Ascert- 
ain the error in the latter. 

7. The boiling point of water as marked by a thermo- 
meter is 99:6°C when the atmospheric pressure is 
752mm. What correction should be applied to the upper 
fixed point, if a fall of 10 mm. pressure lowers the boiling 
point of water by 037°? The B.P. of water at 760 mm, 
is 100°C 

Hint: Calculate the B.P. of water at the given 
pressure, and hence find the correction to be applied. 

8. The freezing point of a certain liquid is given by 
the same number onthe FandC scales. What is that 
temperature ? 


* (i) The correction to be applied is the real temperature 


minus the observed reading. 

(ii) Allerrors are subtracted from the actual readings while 
the corrections are added to the actual readings. In problem 5 
above, error is—9°45°F while the correction is }0*45°F, 

Note the convention of algebraic signs as applied to ‘errors’ 
and corrections. 
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Let ¢ be the required reading on both the scales, then 

we have (oP : or bt =9t +160 +. t= - 40°. 

9, Athermometer with an arbitrary scale of equal 
parts reads 15in melting ice and 240 in boiling water 
under standard pressure. Calculate the Centigrade 
temperatures indicated by the readings 10 and 85 on this 
thermometer. [ B.A. 1929 ] 

Hint: Obtain the values in C ina way similar to 
the conversion of F into C readings. 

10. If when the temperature is0°C a mercury thermo- 
meter reads 0-5°C while at 100°C it reads 99-2°C, find 
the true temperature when this thermometer reads 30°C 
assuming the bore cylindrical and the divisions of uniform 
length. Verify the result by the graphical method. 

(99-2 -0-5=) 98-7 divisions between F.P,and B.P. 
on the stem represent 100°C, hence 0-987 division is 
, ' equivalent to l°Con a 


| | x | ans correct thermometer, 
RE roe Er The temperature re— 
g Bg oT I eel | presented by 30th 
7 eeeeeeane “SERRE oS division corresponds 
SH to (80 - O5= ) 295 


Error Graph divisions on the scale 

above the F.P. But 29-5 divisions represent a 

temperature difference of (29-5/0-987=) 29-89 deg— 
rees. Hencc the true temperature is 29-89° C. 

or Mark the readings on the stem aloug the X-axis 

and errors at the observed fixed points along the 

Y-axis with their proper algebraic signs, Choose any 

convenicnt utits. Inthe example, AB is the graph 

thus cbtained. The error ¢(o at 30°C is+-0-11°C, . the 
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true temperature co::esponding to a reading 30° is 

(30-0-11 = ) 29.89°C. Similarly, at 85°, the error is 

~ 0-6° and the correct temperature is [ 85 - (-0-6)=] 

85-6°C. 

11. Taking the bore of a thermometer and its gradua- 
tions unifrom along the length of the stem, determine the 
correct temperature when it reads 20°C.,if the fixed points 
indicated by it at a standard pressure are — 0-2°and100-8°C 
respectively. . 


2. Expansion of solids 


Tfl, andJ, are the lengths of a solid at the temper- 
atures t, and ¢, thenl,=1, [ l1+a(t,-t, )] where ais 


the coefficient of linear expansion of the solid. (1) 
_ 4-h so change in length 
ora =F 4,4) °F original length x change in temp. 
and the coefficient of superficial expansion of a solid 
=2q* (8) 
while the coefficient of cubical expansion =3a (4) 


Following are the coefficients of linear expansion 
used in this section. 
Brass 0-000019. Glass 0.000008. Copper 0-000017. 
Silver 0-000019. Iron-steel 0-000011 Aluminium 0.000025, 


12. A copper rod 100 cm. long at 0°C expands by 
0-167 cm. when heated to 100°C. Determine the coefficient 
of linear expansion of the solid per degree Centigrade. 


13. Aniron- steam-pipe 996 cm. long expands by 
lem., when steam is turned on go that it is heated from 
68°F to 212°F. Find the coefficient of linear expansion of 
iron per degree Fahrenheit. 


* The relation is not strictly true. However, for all practical 
purposes it does not introduce any sensible error. 
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14. Aniron bar 4 ft. long at 0°C., when heated in a 
furnace increases in length by 0:5 in. Determine the 
temperature of the furnace. 

Let t°C be the temperature of the furnace, then 
: l,-1, 0-5 : 
sca ier “= 5a 0.0000ll ne 

15. Two strips of equal width and thickness, one of 
iron and the other of brass are rivetted together at close 
intervals. Describe what happens to this compound bar 
on heating from 0°C to 500°C. Find the length of each 
strip, if originally they measured one metre each. (a for 
iron 0-000012, g for brass 0-000019. ) 

16. A wheel is 4m. incircumference. An iron tyre 
measures 3-995 m. around its inner face. How much must 
the temperature of the tyre be raised, so that it may just 
slip on the wheel? (4. = 0: ococ%1 /¢) 

Hint: The inside circumference of the tyre, when 
heated should just equal the circumference of the wheel. 

17. A hollow steel cylinder of internal dimeter 25 in. 
is to be made to fit over another cylinder of diameter 
25:1 in. To what temperature must the hollow cylinder 
be heated to make it just slip over the latter cylinder ? 
The air temperature is 30°C. 

18. The irou rails on a railway are each 10 ft. 
What space must be left between two consecutive rails, 
if the temperature may range from 20°C. to 40°C. ? 

Hint: The minimum space, that should be kept, 
must equal the increase in 10 ft, of a rail, when the 
temperature rises by 20°C. 


ea 
19. When the temperature of air is 30°C, a 50-yd. 
track is measured off with a 10-yd. steel tape correct 
at 20°C. Determine the error in the length of the track. 
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Two scale divisions, whose distance apart is 1 yd. at 
20°C. will be at a distanee of 1 [ 1 + 0-000011 ( 80-20) ] 
yd. apart at 30C. The length of the road is 50 of 
these divisions. Hence the real length of the road is 

50 ( 14-0-000011x 10) yds, 
“ the error = — 50, 0-000011 » 10= - 0-0055 yd. 

20. A mercury column measures 76 cm. when the 
temperature is 30°C. Calculate its rea! Jength if the scale 
with which it is measured is graduated at 1A°C and if it is 
given that the coefficient of linear expansion of the 
materia] of the scale is 0-00002. [I.Sc. 1929] 

* 21. A barometer reading is taken on a brass scale, 
the graduations on which are correct at 0°C. What would 
be the true height of the barometer column which was 
read at 40°C’ by the scale as 30 in ? 

* 22. Two vertical walls were 20 ft. apart when built, 
These bulged out at their centres to the extent of 1 in. 
each. If they are to be made exactly vertical by the 
contraction of an iron bar, by how much must its temper- 
ature be raised above that of air ? 

23. A pendulum is to be made of rods of steel and 
brass. The effective length of the pendulum is one metre 
and this length must remain constant when the temper- - 
ature changes. How must the rods of steel and brass be 
chosen ? Draw a neat diagram of the pendulum 

[B.A, 1920] 

Hint : Total length of steel rods _4 of brass” 

* Total length of brass rods” g of steel 


* 24. An aluminium piston 7 cm. in diameter slides in 


an iron cylinder at 30°C. What must be the diameter of 
the cylinder at 30°C, if the clearance betwecn the piston 
and the cylinder is expected to be 0-1 mm. at 300°C, 
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24, The area of a brass-plate is 100 sq. cm. at 20°C. 
Determine its area at 100°C. 

Since area at 100°C is given by 

A go Ago [ 1422 (boo — bro )] 
A.) = 100 [ 142 x 0-000019 ( 100 - 20 )] 
= 100-304 sq. cm. 

26. Asilver plate has an area of 200sq.cm. What 
will it be at 60°C., if it is originally at 20°C ? 

26a. A3 ft. by 2 ft. steel door just fits in a frame of 
an all steel safe at 20°C. What willbe the area of the 
door when the room temperature is 40°C? Can the door 
fit the frame when the higher temperature of both is the 
same ? 

27, A steel ball hasa volume of 500 cc. at 10°C. 
What volume would it occupy on heating to 30°C ? 

28. The capacity of a glass flask is 1000 cc. at 0°C. 
By how much will it increase when heated to 100°C ? 

29. The density of a piece of a copper is 8-93 gm./cc. 
at 0°Cand its coefficient of linear expansion is 16-78 x 10-° 
per degree centigrade, What is its density at°100°C ? 

Hint: Density varies inversely as the volume, there- 
fore d,=d,( 1-3at). Determine the density at 100°C 
from this. 


3. Expansion of liquids 

Coefficient of expansion ofa liquid is the increase of 
volume per unit volume per unit rise of temperature. 

When a liquid expands on heating, the vesse) which 
contains this liquid also expands. Therefore the expansion 
of a liquid in a vessel is called its apparent expansion, 
While the actual change of volume of the liquid is called 
the real expansion of the liquid. Hence we have got the 
following relation, 
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The apparent coefficient fo expansion q of a liquid 
is equal to the real coefficient of expansion 7 minus 
the coefficient of cubical expansion § of the solid 
envelope, i.¢, 

r=atpB - : : . : » (1) 
The above = is only ie in fact 
= tet ty B=aty B : (2) 


The relation (2) can be expressed in terms of weights 


s0 that r= (7, aye B=atz' B ~ + (8) 


30. A glass sp-gr. bottle weighed 40 gm. when empty 
and 176-1 gm. when filled with mercury at 00, Find the 
mass of mercury which will be expelled whenthe bottle 
is heated to 100°C. Coefficient of apparent expansion of 
mercury is 0-00015 per degree centigrade. 

Weight of mercury at 0°C in the bottle is (176-1 ~40=) 

136-1 gm. Let w, be the weight init at 100°C. We 
want to find the weight of mercury expelled for which 
w, will have to be determined. Hence using the relation 
= eae 5 We have 0-00015 = “oi sa 
0-015 w, = 1386-1~w,; or 1-015 w, = 136-1.€ 
Hence w, = 1341 gm. 
the mercury expelled = ( 136:1- 134-1 = ) 2 gm. 

31. A sp.gr. bottle when empty weighs 20-32 gm, 
When filled with a certain liquid and heated to 40°C, it 
weighs 81:73 gm. Determine the mass of the liquid which 
will be expelled on heating it to 60°C. The coefficient of 


apparent expansion of the liquid is 46-84x10-> per 
degree C. 


32, The bulb of a mercury thermometer is one cubic 
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centimetre and the section of the bore of its tube 
is 0-001 sq.cm. Find the position of the mercury at 60°C. 
if it just fills the bulbat 0C. 


Hint: Find the apparent volume of mercury at 60° 
from v,, =» [ L+(r-6)t]. The increase over the 
original volume gives the length over which it spreads in 
the stem. 

33. To measure temperatures between -30°C and 
200°C a mercury thermometer is to be constructed. What 
should be the capacity of the bulb at OC, if the bore of 
the stem has the cross-section of 0-001 sq. cm. and the 
divisions on the stem etched at a distanceof 2 mm. each ? 

34, Find the true temperature of aliquid which when 
boiling under normal pressure shows a temperature of 
287-9°C by a thermometer the stem of which above zero 
has an average temperature 20°C and the rest of it is in 
the boiling liquid. 

Let x be the true boiling point of the liquid. Since 

( 287-9-0 = ) 287-9 of the stem are exposed to a 

temperature of 20°C, mercury in the stem up to 287-9° 

would have got expanded by [ 287-9 x 0:00015 (x ~ 20) | 
if the whole stem were at 2°C. 
x = 287-9[1+0-00015 (#-20)] .«. & = 300°C. 

35. What will be the reading on an accurate mercury 
thermometer, if the bulb and the stem, upto OC are at 
200°C and the rest of the stem at an average temperature 
of 30°C. 

36. Pure water is boiling under normal pressure in a 
flask in which a thermometer with its bulb and stem upto 
0°C mark is inserted. If the rest of the stem is at 30°C, 
what will be the boiling point of the water as registered 
by the thermometer ? [ I.Se, 1927 ] 
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37, For determining the absolute expansion of a 
liquid by Dulong and Petit’s apparatus the hot column 
was found to be 76-9 om, high at 100°C, while the cold 
one 74-5cm. high at 23°C. Calculate the coefficient of 
expansion of the liquid. 

Hint: The difference in:the heights is (76-9 — 74:5= ) 
2.4 cm., the length of the hot column before expanding is 
74.5cm. Hence calculate r the increase in volume per 
unit volume per degree C. Cross-sections of the tubes 
are uniform. 

38, One limb of a U-tube containing a liquid is sur 
rounded by water at 4'C and the other by steam at 100°C, 
If the cold column measures 60cm , find the height of the 
other. Absolute expansion of the liquid =0-000061 per 1°C. 

39. In a Regnault’s apparatus for absolute expansion 
of liquids the difference in levels af the liquidin the 
arms of the T-piece was found to be 0-9cm., while the 
height of the hot column was 50:0cm. Calculate the 
coefficient of expansion of the liquid, the temperature 
difference between the two columns being 100°C. 


Hint: The effective height of the cold column is 
(50-:0-0-9= ) 49-1 cm., and 0:9 cm. is equivalent to the 
increase in] ength. 

40. A glass vessel of 180 cc. capacity is filled with 
mercury in such a way that when both are heated together 
to the same temperature the volume of the empty part 
remains unaltered, Find the volume filled up by the 
mercury. Coefficient of cubical expansion of glass is 
0-000024, 

Hint: Increase in the capacity of the vessel must 
just equal the true increase in the volume of mercury in 
it when both are heated. 
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41. A weight thermometer of glass contains 10 gm, 
of mercury at 0°C and 9-843¢m. at 100°C, Calculate the 
coefficient of absolute expansion of mercury, that of glass 
being 0.000022. [I.Se. 1914 ] 

42. Calculate the coefficient of expansion of the glass 
from the following data: -- 


Wt. of an empty thermometer = 650 gm. 

i » --mercary filling itat 0°C = 710 gm. 

’ < e » 4, 100°C = 700 gm, 
Coefficient of absolute expansion of mercury = 0.000018 
[ I.Sc. 1915 ] 


43, A solid weighs 42-780 gm. in air; when immersed 
in a liquid at 20°C, it weighs 37-680 gm.; when immersed 
in the same liquid at 70°C it weighs 37-765 gm. If the 
coefficient of linear expansion of the solid is 0-00002, 
calculate the coefficient of real expansion of the liquid, 

[ 1.Sc. 1928 ] 
The mass of the liquid displaced at 20° is 

( 42-780 ~ 37-680 ) 5-1 gm. which is equal to Veopx 

where V,, is the volume of solid at 20° and p., 

the density of the liquid at that temperature. 

Similarly the mass of the liquid displaced at 70° is 

( 42-780 — 37-765 = ) 5-015 gm.. which is equal to 

V iPro 
But Viodro = Vool 1+3x 2x 107*(70 - 20) 


5-1 (146 x 10-* x 50 ) 


20 


——- Pid 
1-}+-r (70-20) 


5.015 = : 
5-015 14-507 
i+50r 5-100 7 
Hence 143x 1072 = 5-015 f= 0 0004 
or using the relation (3) we get 
ih eet Sys Geo ck ee dod 


= 5-015 x 50 ! 5-015 
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44, Calculate the coefficient of linear expansion of a 
solid from the following data :— 


Weight of the solid in air = 94-200 gm, 
+ » in aliquid at 20°;C= 44-200 ,, 
< » inthe liquidat 80°C= 46-822 ,, 


Coefficient of real expansion of the liquid is 95 x 107°. 

45. If a Fortin’s barometer reads 75cm. at 30°0, 

determine the correct reading of the barometer. The 

linear coefficient of scale-metal is 0.00002. [ B.A. 1921 ] 
The corrected height isegiven by the relation 

H, = H (1+-(B-1) (4-4) |. Here t,-t, = 30, and 

B-r=-0-00016. «. H,=75 (1 -0-00016 x 30) = 74-64 cm. 


4, Expansion of gases 


In case of gases, expansion of the containing vessel 
is small compared to that of a gas and hence generally 
it is neglected. 

When a gas is heated (1) its pressure increases if its 
volume is kept constant, and (2) the volume expands if 
the pressure is maintained constant. r 

Therefore the following relations hold for the gases :— 


(a) Charles’ law—Expansion at constant volume. 
Py = P.(1+at)t +++ Constant volume law (1) 
Pew brah, PooP (2) 
P,~ ifat, 7, t,x P,— P,xt, 


( b) Gay-Lussac’s law-Expansion and constant pressure, 


and = 


V,=V, (\+at)} +++ Constant pressure law (3) 
Ve Avet Ps Vv. 


Vi Tat, PP * ex, xe, (4) 


+ The coefficient of expansion of a gasisso large that it is 
very important that V should be taken as the velume at OC and 
P. asthe pressure at OC. ; 
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(c) TAs we) , Gas equation for a perfect gas (5) 
1 2 

When 7, and 7, are the temperature on the absolute 
scale and f, and ¢, are the corresponding temperatures on 
the Centigrade scale, V,P, and « have usual meanings. 

46. 300 ce. of air at 27°C exert a pressure of 800 mm. 
of mercury. What pressure can it exert, when heated to 
177°C, if the volume is maintained constant ? 

Here the absolute temperature T,= (2734-177=) 450° 
and +3 ” T, = (273+27 =) 300° 
and the original pressure P,= 800mm. 

As the volume is to remain constant to find the new 
pressure P,, we get, from Charles’ law 

Dinah it ty BOX OO: 

; T, 300 

47, Acycle tube was inflated with air at 27°C and 
the pressure was 24}b./sq. in. Being kept in the sun, it 
burst. What must have been its temperature; if it was 
made to withstand a pressure of 26-4 lb./sq. in. ? 

48, In an experiment with an air thermometer 
(constant volume pattern ) the pressure noted at 20°C 
was 81-9 cm. of mercury. On heating the bulb toa certain 
temperature, the pressure shown by it was 93-6 cm. of 
mercury. Nexlecting the expansion ef glass, determine 


= 1200 mm. of the mercury. 


the higher temperature, 

49, A certain amount of gas occupies a volume of 
1000 ce, at OC and 2 litres on heating ii to 273°C. Deter- 
mine the coe:ficient of expansion of the gas at constant 


pressure. 
Tf 4 be the coefficient of expansion since the volume 
is considere1 at OC we have V,,,=V.(1+at) 


2000 = 1000 (14-4278) 
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14-273 4 = 2, org = a = evOneP: 


50. A hollow copper sphere, 40cm. in diameter, is 
filled with air at 27°C, under a pressure of 2 atmospheres 
and hermitically sealed. On heating it to 181°C, the 
pressure in the sphere rises to 3 atmospheres. Calculate 
the coefficient of pressure of the air at constant volume. 
Neglect the expansion of the sphere, 


Hint: Use the relation 2 and not 4, See the foot-note 
on page 125. 

51. In a constant volume gas thermometer, the 
pressure at ‘C is 546 mm. and that at 100, is 74-4 em, 
If the volume coefficient of expansion of glass is 0-00003, 
find the coefficient of increase of pressure of gas. 


[I-Se. 1926 } 
ae P,-P Vhs 
Since a-B= Peace P, xt if § is not neglected. 
On introducing the known values for the symbols P, ¢ 
744 — 546 
t, ¢-0-00008 = ~~... 
end Be eet eawe 546 x 100 - 7440 
a = 3428, + 0-00003 = 0-003657. 

52. The volume of a flask is 1000 cc. at N.T.P. The 
flask is heated to 100°C. Find the volume of the air at 
N.T.P. still remaining in the flask, if the coefficient of 
expansion of air is 0-0037. [ L.Se. 1919 ] 


Hint: The required volume of air--the increase in 
that volume at 100°C, equalthe total capacity of the 
flask at 100°C. 


63. lind the temperature at whicha litre of a gas 


originally at 27°C, would occupy 1500 cc,, the pressure 
remaining constant, 
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Applying Gay-Lussac’s Law V « T we have, on sub- 
stituting the values of V, = 1000cc., V, = 1500 ce. and 
T, = (273427= ) 300°A,7, = 1500%3800 _ ysqoy, 

Hence the required temperature 

t, = (450-273 = ) 177°C. 

54. 10 litres of air at 27°C are enciosed in the 
cylinder of an air engine the cross-section of which is 
100 sq.cm, The piston is allowed to move through a 
distance of 10 cm. to compress the air, Ifthe pressure 
remains constant, find the change in temperature, 

55, A litre of gas at 27°C was heated to 3270 at a 
constant pressure. Find the change in volume. 

56. To find the volume coefficient of air at constant 
pressure the following observations were noted :~ 

The weight of the globe full of dry air 45.375 gm, 

iy - é water 385:375 gm. 

After removing water from it, it was heated to 98°C 
in a water bath, and then was just inverted in a tub of 
water so that the inside level of water was the same as 
that outeide one when cooled to 15°C. The water drawn 
into the flask at 15°C measured 75 cc. Neglecting the 
pressure of water vopour and the expansion of the globe, 
calculate the coefficient of volume expansion. 

The capacity of the globe = (385-375 - 45.375 = ) 

340 cc. Hence, as the expansion of the globe is 

neglected, 340 cc. of air at 98°C oceupy ( 340-75 = ) 

265 cc, at 15 C. Therefore, uisng Gay-Lussac’s Law 

we get 

343 — 265 
4 983X265 - 340 x15 


57, A narrow tube, of a uniform bore closed at one 


= 000359 
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end, contains an air column at the bottom enclosed by a 
small thread of mercury at the open end. The tube 
originally at 25°C is heated in an oil-bath till the length of 
the air column changes from 4cm. to 6cm. Determine 
the temperature of the bath, and hence the volume 
coefficient of air. 


58. <A quantity of a gas measured 1092 cc. at N.T.P. 
Vind its volume at 27°C and a pressure of 750 mm. of 
mercury. 


Here, P,V,T, all change. We have P, V, and 7, 
respectively equal to 760 mm., 1092cc. and 273°A ; 
while P, = 750 mm. and 7, = (2784-27 = ) 
300°A. Hence using the gas equation, we get 

760 x 1092 300 

Y= 73 X axp = 1216 ce. 

59, What mass of air is contained in aroom 10x55 
metres in size, the barometric pressure being 740 cm, and 
the temperature 27°C’? Density of air at N. T. P 1-263 gm, 
per litre. Neglect the presence of water vapour, 


60. A litre of oxygen, at 27°C and under a_ pressure 
of 700 mm. of mercury, is subjected to a temperature of 
57°C and a pressure of 1000 mm. of mercury. Find the 
alteration in the volume. 


61. Find the pressure exerted by a litre of air at 27°0, 
if the same mass of the air exerts a pressure of 75 cm, of 
mercury at 280°4 and occupies 700 cc. 


62, A cylinder coutains 6 cu ft. of a gas at 15 lb. we. 
per sq. in. and 20°C. The amount of the gas in the cylinder 
is kept constant and the pressure is changed to 150 1b, wt. 
per sq. in, What should be the temperature of the gas if 
the volume is found to be 2-5 cu. ft.? [ I. Sc. 1932 ] 


S— Lb. YP. 
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*63. 800 cc. of hydrogen gas were collected in water 
voltameter at 27°C when a current ofelectricity was 
passed through it, the atmospheric pressure being 76 cm, 
of mercury. Next time when the barometer reads 72 cm., 
909 ec, of the same gas at 30°C were collected in the 
voltameter on passing through it another current for the 
same time as before. Compare the quantities of the gas 
evolved neglecting the vapour pressure of water. 

Hint: Reduce the volume to 8.T.P. This will 
give the comparison of the quantities evolved. 

64. Find the value of Rinc.g.s. units in the case of 
hydrogen at a pressure of 10° dynes per sq. cm., its 


density being 0-0896 gm. /lite. [ B. Sc, 1919, ] 
The density per cubic centimetre is 0-0000896 gm. 
6 
« from R= De. we get, R= 10 


Vea ~ 8-96 x 10-* x 273 
R& — 4-085 x 107 ergs per gram per degree, 

Compare the answers in Examples 64 and 65, Account for 
the difference. Also find the value of Fin 65 in litre-atmos- 
pheres. ’ 

65, Find the value of gas constant in gram-molecule 
calories given that 2 gm. of hydrogen at N.T. P. occupy 
a volume of 22400 cc. and J=4.2 Joules. [TI, Sc. 1936} 


5. Calorimetry 


(1) A Calorie is the amount of heat required to raise 
the temperature of 1 gm, of water through one degree 
at 15°C, - 

(2) Specific heat of asubstance is the heat required by 
1 ym ofthe material to raise its temperature through °C. or 
it may be taken as the thermal capacity per unit mass. 

(3) Thermal capacity of x» substance is the amount of 
heat which it would require io raise its temperature by]°C, 
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(4) Water-equivalent of a body is the weight of 
water in grams, which would require the same amount of 
heat to raise its temperature through I°C' as the body 
would require to have the same rise in temperature. 
Hence it equals the product “ mass of the body x sp. heat.” 
This algo is numerically equal to the thermal capacity of 
the body. 

66. How many calories of heat are required to heat 
a laundry iron (sp. ht. 0-12) weighing 4 kg. from 30°C to 
130°C? 

lgm. of ironrequires 0°12 cal. for 1°C rise. 
4kg. ,, willrequire (0:12x 4000) cal. ., ,, 
4kg. ,, ,, [480 (180-30) ] cal. for 100°C 
Heat required = 48000 calories. 

67. 50 gm. of water at 90°C are mixed with 30 gm. of 
water at 30°C. Whatis the temperature of the mixture, 
if no heat is lost in heating the vessel ? 

Let #’C be the temperature of the mixture then 
the heat lost by the hot water = [ (90 -#)50] cal, 

the heat absorbed by the cold water = [ (¢ - 30) 30] 

Assuming the heat gained by the cold water is all 

received from the hot water, 

(90 -#)50=(t-30)30 2. t=67-5°0,” 

68. A copper calorimeter weighing 47-22 gm. con- 
tained 45-5 gm. of water at 28-2°C. A quantity of water 
at 58-2°C was added to it and the resulting temperature 
-was found to be 41:3°C. If the calorimeter with its contents 
weighed 131-5 gm , determine the water-equivalent of the 
calorimeter, and hence the specific heat of its material. 


Le) 


69. A copper* calorimeter with a stirrer weighs 
41. 27 gn. A piece of a metal weighing 26.88 gm. initially 


“*Take: the sp. ht. of copper as Ol unless stated to the cuiutrary 
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at 90-5°C ig introduced inthe water in the calorimeter, 
and the temperature ofthe waicr, thereby, is found to 
rise from 29°C, to 30-5°C. Determine the specific heat of 
the metal-piece, if the water in the calorimeter weighs 
39-05 gm. 

Let S be the sp. ht. of the metal, then 
Quantity of heat ! mass xX sp. ht. x fall in temp, 


given out by it [26-88 x S x (905-30:5) Joal. 
Heat gained by the water )__ mass of water xrise in tem, 
IF 39-05 x (30-5 — 29) ] cal. 
Heat gained by the calor. }_ w.e. of calor X rise in temp. 
and stirrer een (30-5 ~29 ) ] cal. 
Hence 26-88 » S x 60 = 39.05 x 1-5 -[ 41-27 x Ox 15 
39:05+4+4:i27) 1-5 
> ask a et 9.0415, 
70. 200 gm, of a quid (sp.ht. 0-6 ) are poured into a 
copper calorimeter which is heated to 100°C. If the 
initial temperature of the liquid is 30°C, determine the 
final temperature, The weight of the calorimeter is 200gm. 
71. A piece of platinum(sp. ht. 0-032) weighing 50 gm, 
is taken from a furnace and plunged instantly into 200 gm 
of water at 30°C. If the temperature of the water rises to 
42°C’, what is the temperature of the furnace? Neglect 
the heat used up by the containing vessal. 
72. A copper calorimeter weighing 108 gm.con-, 
tained 87gm. of water‘at 22-:9°C. A piece of icé was 
introduced into the calorimeter andthe temperature of 


in the calorimeter 


the mixture after the ice hand just meited was found to 
be 17-9°C, Find the latent heat of fusion of ice, if the 
calorimeter with its contents weighed 200 gm. 

73. A jicce ofiren (sp. bi. G12) weighing 200 gm, 
was Leated to 100°C and dropped in.tea cavity in a block 
of tee, The quantity ef ice melted was found te be 30 gm. 
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Determine the latent heat of ice. 

Let LZ be the latent heat of fusion ofice, then the 

heat taken up by 30 gm. of ice in melting =( 30x Z) 

cal. Again the heat supplied by the iron piece is 

given by 
mx (é,-t,) = 200 x0-12 (100-0) = 2400 cal. 
30. L= 2400 and and Z = 80 cal. 

74, A lump of copper weighing 400 gm.is heated in 
an oil-bath and then put instantly in a cavity in a block 
of ice. If 120 gm. of ice are found to be melted, find the 
temperature of the bath, ( Latent heat of fusion of ice 
80 cal/gm.) 

75, 15-7 gm. of solid paraffin wax (sp.ht, 0-7} at 20°C 
were keptinacopper calorimeter weighing 90gm. On 
adding to this 100 gm. of water at 66-5°C. the temperature 
of the calorimeter was found to be 54°C afterall] the wax 
had just melted. Calculate the latent heat of fusion of 
paraffin. The melting-point of paraffin is 54°C. 

76. How many calories of heat are set free when a 
tank, containing one ton of water, cools from 20°'C to the 
freezing point and the water gets converted into ice? 
( Latent heat of ice is 80 calories per gm. 1 |b =453-6gm.) 

77, 300 gm. of water at 40°C, 6 gm. of steam at 100°C 
and 20 gm. of ice at 0°C are mixed together. Find the 
resulting temperature when all the ice is just melted. 

Here we reduce the contents of the calorimeter to 
the transition temperature viz. O°C and then see if 
there ifany excess of heat or lack of it over and 
apply this heat tothe entire contents to determine 

the final temperature, . 
Heat content in S00gm, of water= (300, 40 =) 12000 cals. 
Heat content in 6 gm. of steam =(6¥536+6x 100— ) 

3816 cals, 
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Hence total heat available at 0°C = ( 1200043816 —) 
15816 cals. 


Heat absorbed by the ice in melting — (20x80 = ) 
1600 cals. 
Hence(15816 ~ 1600 = )14216 cals.are left over to raise the 


temperature of 326 gm. of the mixture to éC above 0°C, 
326¢= 14216, «-. {=43-6°C, the final temperature. 

78. 100 gm. oficeat - 12°C are introduced into a 
mass of water at 0°C and thereby 7-2 gm. of water are 
frozen, the temperature of ice rising to 0°C. Find the 
latent heat of fusion of ice, itssp. ht. being 0-5. 

Amount of heat given out by 7-2 gm. of water in 
freezing is 7-2 Z cal, The quantity of heat used by 
the ice in getting heated to 0°C = (100x12x05=) 
600 cal, 

7-2 L = 600 or L = 83:33 cal. 

78a. 300 gm. of ice are added to a litre of water 
contained in a vessel of water-value 120 gm. Assuming 
the initial temperature of the water to be 20°C, find the 
amount of ice unmelted. How much steam at 100°C 
must be then blown into the mixture to raise the temper- 
ature to 20°C ? ( Latent heat of ice 80 cal / gm.) and that 
of steam 536 cal./ gm.) 

79. Lead melts at 327°C. Its latent heat of fusion is 
5cal.per gm. Taking its specific heat as 0-03, find the 
quantity of heat required to raise the temperature of 10gm.- 
of lead from 27°C to its melting point 327°C and to melt it. 

80. A porous jar of water-value 200 gm. contains 
4 litres of water at 30°C. How mueh water must eva- 
porate so thatthe remaining wonld be at 20°C? The 
latent heat of vaporisation of water at 30°C is 578 cal./gm. 

81. The specific gravity of ice is 0-917. 10 gm. of 
metal at 100 C are immersed in a mixture of ice and water 
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and the volume of the mixture is found to be reduced by 
125 c. mm. without change of temperature. Find the 
specific heat of metal. | Pat. Univ. ] 
82*. 50 gm. of water at 16°C, placed in the tube of a 
Bunsen’s ice calorimeter, move the mercury in the 
capillary through 20 cm. 5 gm. of a metal at 100°C move 
itsimilarly through 5 cm. Caleulate the sp. ht. of the 
metal. [B, A. 1917 ]} 
20 cm, change in length is brought about by (50 x 16)cal. 
“. 5 cm, change in length will require (5x 59° =) 200 cal 
But this amount of heat is given out by 5 gm. of the 
metal in cooling through 100°C. If s be its sp. ht. 
we have, 5 xsx100 = 200 ..s = 0-4 


6. Conductivity of solids. 


The quantity of heat Q flowing in time ¢ sec. across A 
sq.cm. of aslab ofasubstance of thickness / cm. and 
having the opposite faces at temperatures 9°, C and 9°, C’ 
is given by 


out! 0-02) At 


where & is the thermal conductivity of the substance. 
Thermal conductivites generally are measured in cal. per sec. 
per cm. per degree C unless stated to the contrary. 

83. A cylindrical metal rod 14 om. long and of 
3°88 cm. diameter has one of its ends surrounded by 
steam. Water at 25°C is allowed to steadily flow round 
the other end at 230 cc. per minute. Two thermometers 
inserted in the holesin the rod 10cm. apart read 81-7°C and 
570°C respectively. Calculate the conductivity of the 
metal, if the temperature of the water flowing rises to 32°C. 

The cross-section of the rod= (x x 1-942 =) 11-82sq.em, 

while the temperature difference between the ends at a 
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distance of 10cm. is (81:7-57-0 = ) 24.7C, The heat 
flowing across the rod per second is kx 24.7 11-82 x y, 
where & is the conductivity of the metal. 
The water collected per second is ( 23° =) 3:83 cc. 
or 3:83 gm, The quantity of heat taken up by this water 
is [ 3-83( 32 -25) =] 26-79 calories. 
ae x 24.7 x 11-82 x vy = 26-79. 


ac ary Lee =0:9187 cal./ sec. / em./1°C. 

84. Find the quantity of heat lost per sq.m. per min, 
by aman clothed in fabric 0-2 cm. thick, if the room 
temperature be 27°C and that of the body 37°C. (The 
conductivity of the fabric is 1:22 . 10-* cal./ sec./cm./ 


degree (.) 
85. Aniron boiler 1-25 cm, thick contains water at 


atmospheric pressure. The heated surface is 2-5 8q. 
metres in area and the temperature of the underside is 
120°C. If the thermal conductivity of iron be 0-2 and the 
latent heat of evaporation of water 536, find the mass of 
water evaporated per hour. [ Pat, Univ. ] 

86. A circular metal plate of radius 5-65 cm. and 
0-5 cm. thickness has the whole of one face touching the 
melting ice and the other face in contact with steam, 
The coefficient of conductivity ofthe metal is 0.14. Find 
the quantity of ice melted per minute. [ B. A. 1915] 

Hint: First calculate the amount of heat emerging 
pet minute at the face touching theice. This heat is 
utilized in melting the ice at O°C, Latent heat of ice is 
80 cal. per gm. 

7. Vapour Pressure and Humidity, 

(1) Pressure of vapour which saturates a given 
space is thesame for the same temperature whether 
there are other gases present or not. 
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(2) Hach gas or vapour enclosed in a given volume 
fills the whole space and exerts the pressure which it 
would exert if it were alone occupying the whole space. 
The pressure exerted by each gas is called its partial 
pressure. 

(3) Total pressure exerted by gases and vapours 
confined in the same space equals the sum of the partial 
pressure of all these gases and vapours, 

Relative humidity = mass of wat.vap. ina given v vol, of air 
mass of wat. vap. reqd. to sat- 
urate the same vol, of air at that 
temp. 

ie _ _vap. pr. of water vap. in the air 
" saturation vap.pr. at the same temp, 
_ Saturation vap. pr. at the dew-point 

saturation vap. pr. at room temp. 

87. 50 cc, of oxygen saturated with water vapour are 
collected at a pressure of 740 mm. and 27°C. Determine 
the volume of dry oxygen at N.T.P. Vapour pressure of 
water at 27C = 26:5 mm, . 

Pressure P, exerted by 50 cc. of the dry oxygen at 
27°C = (740-265 = ) 713-5 mm, The volume V, at 
N.T.P. of the oxygen is given by the relation, : 

PV, PVs , v= 713-5 x50 x 278 

T, T, “ ° (2734-27) 760 

88. A gasis collected over water ina 100 cc. tube 
and measured 72-8 cc., the temperature and pressure of 
the surrounding atmosphere being 25°C add 74-39 cm, 
respectively. Calculate the volume of the gas at N.T.P. 
CV. P. of water at 25°C = 23:45 mm.) [ I.Se, 1927 ] 

Note: Assums: the crogs-section of the tube te be 
uniform and the leve] of ihe water inside and outside to 
be the same. 


= 42-72 ce. 
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89, A quantity of hydrogen gas is collected in an 
inverted vessel over water, and the observed volume is 
190 cc. The barometer st:nds at 756-5 mm. and the level 
of the water in the inverted vessel is 27-2 cm, above that 
of the water inthe trough, the temperature of water 
being 27°C, Calculate the mass of hydrogen gas V.P. of 
water at 27°C is 26:5 mm. and the density of hydrogen at 
NT.P. is 00896 gm./litre. { B.A. 1914 ] 

90. Calculate the mass of the vapour enclosed along 
with the gas in the Rixample 87. Density of saturated 
vapour at N.T.P. is 0-8081 gm. /litre. 

Since the volume occupied by vapour at 27°C is 50 ce. 

and exerts a pressure of 26-5 mm., its value at N.T.P, 
V.= Corgan) 760 = 1586 cc. or 0.001586 litres. 
“mass of the vapour = ( 0-001586 x 0-8081 = ) 1-282 mg 

91, Calculate the humidity of the atmosphere from 
the following data :— 


The temperature of the atmosphere -.++* = 27°C, 
at which dew appeared: + = 9-5°C, 
% “% 3 ,, disappeared =10-5°O, 
(-V.P. of water at 10°C = 9:14 mm. of mercury and 
at 27°C = 26-5 mm. ) 
Dew-point = # (9-54-10-5)=10°C and room temp. = 27°C. 
S.V. P.at 10° 9-14 
S V.P.at 27° 26-5 
92. Calculate the hygrometric state of air from the 
following observations taken with a chemical hygrometer, 
Weight of U-tubes at first = 70-50 gm. 
ds » 9: With water vapour 

from the ordinary air = 70-63 gm, 

» with water vapour 


a9 oD 


“. Humidity = = 0-3448 or 34-48%. 


a3 2» 
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from the ordinary air plus the water 
vapour from saturated air = 70-90 gm. 

Hint: Find the amount of the vapour actually 
present in a given volume of air and that required to 
saturate the same volume of the air. 

93. What difference in volume would be caused in a 
litre of dry air (free to expand or contract ) at 700 mm, 
pressure and 20°C, if sufficient water to saturate the space 
were introduced without altering the pressure and the 
temperature ? S.V.P. of water at 20°C = 17-5 mm. 

94, Acubic metre of air the relative humidity 80% is 
dried at 30°C under the atmospheric pressure of 75-5 cm, 
Find the change in the volume B. P. of water at 32 mm, 
pressure is 30°C. 

*95. The dimensions of a hall are 30 by 15 by 5 metres. 
Calculate the increase in the mass of water vapour present 
in it, if the humidity increases from 0-4 to 0-6 while 
the temperature remains unaltered, The density of the 
saturated water vapour at the temperature of the hall is 
0-0008 gm. per cc. [ I.8ce. 1930 } 

Hint; Find the volume of the hall and the mass of 
the water vapour present. Hence the increase due to the 
rise in the humidity. 

96. Asample of moist air at 27°C and 762-75 mm, 
pressure was found to have a dew-point, when tested 
equal to 15°C. Calculate the mass of 1900 cc. of the air 
( V.P. of water at 15°C = 12-75 mm, of mercury and at 
28°C = 26-5 mm, ). 

Hint: Here the air is moist, not fully saturated with 
water vapour. The partial pressure exerted by the 
vapour in it is given by the pressure of vapour saturated 
at the dew-point, Refer to Examples 87 and 90. 


SOUND 
1. Velocity 


: 8 
(a) Velocity = ae or V= = 


1. The sound of a lightning-thunder was heard 4 sec. 
after the flash was seen. How far away did the flash 
occur ? ( The velocity of sound in air = 1128 ft./sec. ) 

Light travels almost instantaneously, while sound 
travels at 1128 ft./sec. Since the sound required 4 sec. 
to travel the distance from the clouds to the observer. 
the distance must be (11284 = ) 4512 ft. .. s=vt, 

2. A man, while standing on a hill, can see a distant 
railway station anda stationary locomotive. He sces a 
trail of steam escaping from the locomotive whistle and 
2 sec. later, he hears the whistle. The velocity of sound 
in air at the time is 1148 ft./sec. Determine the distance 
of the station from the observer. 

3, A wood-chopper makes 30 strokes per minute when 
the speed of sound in air is 1148 ft /sec. The sound of 
each stroke is heard by a person standing ata distance, 
as the axe makes the next stroke. How far is the person 
from the chopper ? 

Hint: The time interval between any two consecutive 
strokes is 2 sec, Find the distance travelled by the sound 
during the 2sec. That gives the distance between the 
two places. 

4. Three men A, Band C are standing ina straight 
line, ithe distance between A and B being cqual to that 
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between B and C each of which is equal to 3 miles. A 
gun is fired froma point G. Itis heard by AandC at 
the same instant, but B hears 4:8 sec. before A or C. - 
Determine the position of the gun G, the speed of sound 
in air being 1100 ft./sec, 

Hint: The linee BC, CG and GB form a right angled 
triangle, the 7GBC being aright angle. Find the distance 
CG-GB travelled by the sound during 4:8sec. Again 
from GB? BC? = CG", determine CG or BG. 

5. The captain of a warship receives from a light-house 
the sound of a bell struck under water. 5 sec. before he 
hears the whistle blown above water at the same place. 
How far is he from the light-house ? The velovity of sound 
in air is 1096 ft./sec. and that in water 4713 f[t./sec. 

Hint: Findthe time taken by the sound to travel 
the distance x in water, and that to travel the same dis- 
tance in air. The difference between the two times is 
equal to 5sec, Hence distance a, the distance between 
the two places. 

6. Ablow struck upon a stee) cable was heard through 
the cable in 0-38sec and through the air in 4:5 sec. The 
temperature was 0°C, Determine the velocity of the sound 
in the cable and the distance of the observer from the 
place where the blow was struck, Velocity of sound in 
air at O°C is 1088 ft./sec. 

7. An observer sets his watch by the report of a signal 
gun 7 milesaway. What allowance should he made on 
account of the distance of the gun, velocity of sound at 
the time being 1120 ft.,sec. 

8. Abullet fired with a velocity of 500 fi. sec. was 
heard to strike a target 2 sec. after it bad left the rifle. 
Determine the distance ef the target from the markeman, 
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taking the velocity of soundjas 1120 ft,/sec, 


Hint: The time taken by the bullet to travel the 
distance between the target and the gun plus the time 
taken by the sound to cover the same distance is 2 sec. 

9. A stone is dropped into a wel] 144 ft. deep. What 
time will elapse before the sound of the splash is heard at 
the top ? ( Velocity of sound in air 1180 ft-./sec. 


2. Wave-Lengths 
Velocity of sound = frequency x wave-length 
v = n Xx x 

where the frequency (7) is the number of vibrations per 
second and the ‘wave-length’ ( ) ) is the distance between 
any two successive particles which are in the same phase. 

(Generally, by frequency we understand the number 
of complete vibrations per second. ) 

10, A body vibrates in a medium with a frequency of 
100 vibrations per second and thereby generates waves 
each 20 cm. long. Find the velocity of sound in the medium 

Velocity = wave-length x frequency 

= 20 x 100 
= 2000 cm./sec. 

11, Taking the velocity of sound in air as 1152 ft./sec., 
find the wave-length of a note of vibration frequency 


4G 
€ 


256 per secon I. 

12. Find the vibration frequency of a note, the 
wave-length cf which is 100 cm. in air and the velocity of 
sound 330 m. ‘sec. 

13. Aniton rod, when vibrated, emitted a note of 
frequency 300 per second. Find the wave-length of the 
note, if the velocity of sound in iron is 16800 ft./sec, 
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14. If the frequency‘of:a tuning fork is 240 and the 
velocity of sound in air 320 m./sec., find how far the first 
impulse will travel in air when the fork executes 
60 vibrations. - 

15. The edge of a wheel with 32 teeth touches a card 
as it spins and thereby emits a musical note. If the wheel 
makes 240 rev. per min., find the frequency of the note. 

The number of revolutions per second is (240/60=) 4. 

The card vibrates 32 times per revolution. 

2 frequency = (32x4 = ) 128 vib. per second. 
16, A toothed wheelis made to touch a card as it 

spins. The number of teeth is 30. If the wheel makes 
512 rev. per minute, determine the vibration frequency 
of the note emitted. 

17. The dise of a syren contains 60 holes init, Find . 
the frequency of a note emitted on revolving the disc at 
the rate of 510 rev. per minute. 

As the disc contains 60 holes, the vibratioris gene- 
rated per each revolution of the disc are 60. Hence 
the frequency of the note is (60x510/60) 510 vib. 
per second, 

18. A syren has 28 holes and when sounded gives a 


note of frequency 560. Find the frequency of rotation 
of the disc. 


3. Vibrating Columns of Air 


(i) For a closed resonance tube, of radius r, giving 
its fundamental note, if the minimum length is 1, the 
wave-length > of the vibration is given by 

2 = 4( 140-67 ) (i) 


where 0-6 7 is the end-correction. 
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(ii) For a tube open at both the ends and giving its 
fundamental note, if J is its length and 7 the radius, then 
the wave-length ) of the note emitted will be given by 

R=2(14 127) (ii) 

Hence the velocity of sound in the gasin the tube 
is 4(1+0-67) » in (i), and 2 (1+1-2r) m in (ii), 

19. The lengths of air columns vibrating in unison 
with the two given tuning forks are 22 and 17-6 cm. 
respectively. If the first fork is G of frequency 384, find 
that of the other. , 

Since the frequency m varies inversely as the 
length of the resonating column of air, the frequency 

n, of the column of air in unison with the unknown 

fork is given by 

i Sg ee 
ee he es: 17-6 
Hence the fre yuency of the unknown fork is 480 vib./sec, 

20. Atuning fork of frequency 256 vibrates in unison 
with a resoni.nce tube ( closed at one end) of length 
32-4 com, Whit length of the tube will resound in unison 
with a fork of frequency 384 ? 

21. A sy-en having 16 holea and making 20 rev. 
per sec, gives a ncte which is in unison with a resonance 
tube of length 25cm, What should be the speed of the 
syren, if it is to remain in unison with the note emitted by 
the tube when its length is changed to 30 cm, ? 

22. The length of a column of air in a tube closed at 
one end, which gives the best resonance with a given 
tuning fork is 34:25 em. Bird the wave-length and the 
vibration frequency of the note, if the velocity of sound 
in air is 342-5 m_/sec, 


= 480. 
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Here length | = 34.25 em. = 3}, .. the required 
wave-length } = (4x34.25)= 137 cm. 
Againv=n}) .. m = ( 24332 = ) 250. Hence the 
frequency of the note is 250), hiss. 

23. When the- velocity of sound in air is 334-4 m./sec., 
a tube, 20 cm. long and closed at one end, gives the best 
resonance for a certain tuning fork. Whatis the vibra- 
tion frequency of the fork, The diameter of the tube 
is 3.cm. 

24. The shortest air column closed at one énd, that 
gave aresonance with a tuning fork of frequency 320, 
was 26cm. long. Find the velocity of sound in air, 
Diameter of the tube is 4cm. 

25. A tuning fork of frequency 512 was found to be 
in perfect unison with a resonance tube (closed at one 
end ) 16 cm. long and also when the tube was 49-4 cm. long. 
Find the velocity of sound in air and also the diameter 
of the tube. e 

Hint: The first resonance gives quarter of a wave- 
length while the second adjustment gives } ) on adding 
the end-correction to each. Hence solve for ) and r, 

26. A tuning fork is au at the mouth of a 
resonance tube (diam, = 3cm.) and resonance occurs 
when the surface of water is 19: 1 cm. below the tuning 
fork. The frequency of the tuning fork is 484, Find the 
velocity of sound in airat 0°C., the room temperature 
being 27°C. { I.Sc. 1926 ] 

As the diameter is 3 cm. the end-correction is 
(0-3x3 =) 09cm. Hence the length of the vibra- 
ting air column is (19-1+0-9 = ) 20cm. and the 
wave-length, : 

2 = (4x20 =) 80cm. + velocity at 27°C. ig 
e JO—E.F.Y.P. . 
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V,, = (434 x 80 = )34720 cm./sec.,and the velocity at 0°C . 

0, =V,,(1 — 4a) =34720(1 -4x 4, x 27) = 330-3 m./sec. 

27. A closed resonance tube 15cm. in length responds 
to a certain tuning fork. the temperature being 31°C. Find . 
the frequency of the fork. The diameter of the tube is 
4cm, and the velocity of sound in air at 0°C is 332 m./sec. 

Hint: Find the velocity of sound in air at 31°C, 
and then the frequency from the given wave-length. 

28. Two resonance tubes when sounded together give 
21 beats per every five seconds. If the lengths of the 
resonating columns of air are 28 in. and 28-5 in, respec- 
tively, calculate the frequency of the lower note, Neglect 
the end-corrections. 

The beats given out by the tubes per second 
=(21/5)=4-20. Suppose the frequency of the lower 
note is ». then that of the higher note willbe n--4-2. 
Since no l/l we have, (n+4/4:2) 28 = n x 285 
. 052 = 117-6, Hence n = 235-2 vib. per sec. 
29. A closed organ pipe®gives 8 beats per sec., when 

sounded with a tuning fork of 256 viv. per sec.—the 
fork giving the lower note. What change in the length 
of the pipe should be made to britig itinto accord with 
the fork ? 

30. A closed pipe makes 5 beats with a tuning fork 
with a frequency of 255 per second, the pipe giving the 
lower sound. What alteration inthe length of the pipe 
will bring it into unison with the fork ? Take the velocity 
of sound to be 320 m./see. [ B.A. 1930 } 

31. Determine the Jength of a closed tube full of air 
which can give the same note as that given by a similar 
tube 100 cm. long and full cf oxygen. Densities of air 
and oxygen are 1:29 and 1-43 gm, litre respectively, 


a. MAGNETISM 
1, Coulomb's Law 


The force acting between any two magnetic poles m 
and m’ distance @ apart in air is mm’/d’, 

A magnetic pole m placed ina magnetic field H is 
acted upon by a force F = mH. ‘ 

1, Find the force of attraction between two magnetic 
poles of - 40 and 50 units respectively placed 10 cm, apart. 

2. Two equal and opposite poles attract each other 
with a force of 25 dynes, when placed 5 cm. apart. Find 
the strength of each pole. 

3. Two N-poles of magnetic strength 5 and 10 units 
respectively are placed 10cm. apart, Find the force of 
“ repulsing between them. 

4, What is the nature and the magnitude of the force 
acting between a V-pole of 5 units and a S-pole of 20 units . 
placed 10 cm. apart ? 

5. The repulsive force between two niagnetic poles 
is 20 dynes, when they are 5cm. apart. What willit be 
if the distance is increased to 6 cm. [ B.A. 1924 } 

The force F between the two poles is mm’/d*, 
Hence #’, be the required force, and as 20 dynes is the 


2 
force acting in the first case; we have ay 


20 6" 
. FF, = = 13-9 dynes. 
6. Two north-poles repel] one another with a force of 
4 dynes when they are 2cm. apart. What will their 
distance apart be when the force isl] dyne? Flnd also 
their force of repulsion when they are 3 cm. apart. If the 
pole-strength of one is two units, find that of the other. 
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7. The north-pole of a magnetic needle of pole- 
strength 20 units is acted upon towards one side by a 
force of 4gm.wt. Find the strength of the south-pole 
of a magnet which when kept ata distance of 2cm. on 
the opposite side would not allow the needle to deflect 
from its normal position. Neglect the eflect of the other 
poles of the magnets, g = 980 cm,/sec’. 


Hint: Convert the force of 4gm. wt. into dynes, 
The force is to balance the force of attraction between 
the two poles. 


48. Two magnetic south-poles of strength 40 and 20 
units respectively are situated at the corners A and B 
of a triangle ABC. The sides AC and BC are each 5 cm. 
If a north.pole of 10 units be placed at OC, determine 
graphically the force acting on the north-pole. 4 ABC 
being equal to 30°. 

Hint: Find by the parallelogram law the resultant 
of the two forces acting at the point © on the given pole 
of 10 units. The angle between the two forces is given. 
Refer to Ex. 3 in static electricity. 


+d, Two long magnetic needles of the same size are 
each suspended by two threads 50 cm. 

f in length, attached at either ends, so 

that the needles keep in a horizontal 
position and just touch along their 
entire length. On magnetising these 
needies equally, they are found to 
repel each other so that the distance 
between them is 4 cm. Ifthe weight 
ofeach needle is 5gm., show that 
th epole- ateeeali of each end of the needle is 39. 92 units, 
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Hint: Here there are two pairs of similar poles. 
Refer to the example 6 on static electricity for details of 
the method. 

10. A north-pole of 200 units is acted upon by a force 
of 70 dynes when placed ina uniform magnetic field. 
Determine the strength of the magnetic field. 

The force mH acting on the pole = 70 dynes. 
, 200H = 70; hence A = 0-35 gauss.* 

11. Fiud the force with which magnetic pole of 100 
units is acted upon when placed ina magnetic field of 
0-18 gauss. 


2, Fields due to Magnets. 

(Moments, neutral points, field strengths and their 
- determinations. ) 

Moment of a magnet M=ml where J ia the magnetic 
length and m the pole-strength of the magnet. 

The intensity of a field due to a magnet of moment 
M and magnetic length 21 at a distance d from its 
midpoint :— 


(i) along the axis= py ge if 2 is negligible. 
i ‘ M M 
ii) along its equator= --.--— = ,, ,, ns 

(ii) g q Vid ql ad 


12. A magnet 20 cm, long has each of its poles equal 
to 40 units, Find the moment of the magnet, 

AL3. Calculate the field due to a bar-magnet 20 cm. 
long and of magnetic moment equal to 1000 units ata 


* The unit of magnetic field is called a gauss. Itisa fleld of 
such a strength that a unit magnetic pole situated in it experiencer 
a force of one dyne. Magnetic field is also expressed in dynes pe 
pole or in Oersteds. . . 
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point 20cm. from each pole. The point lies on the 
perpendicular bisector of the magnet. - 

Hint: Find the field at the point due to each of the 
poles and then the resultant of these two will give the | 
actual field. r 

14. A 100 unit north pole is placed ina line with a 
magnetic needle at a distance of 50cm, fromits middle 
point. Ifthe magnetic length of the needle is 10 cm. 
and its pole-strength 100 units, determine the force 
acting on the given pole, 

The intensity of the field is given by F=2Md/(d?-’)’. 
Hence mF the total force on the pole 


_ 100x 2x 1000 x 50 
= (50-52)? 1.632 dynes. 


15. A small compass-needle moved in a line glong 
the axis ofa bar-magnet ( 20cm. long ) is found to be in 
neutral equilibrium at a distance of 20cm, from its 
centre. The magnet lies in a uniform field of 0-30 c.g.s. 
units. Find the moment of the magnet, 

« 16, Ashort bar-magnet is placed in the magnetic 
meridian with its north pole pointing south. The neutral 
point is 24 cm. north of the south pole of the magnet, and 
upon the production of its axis. Find the intensity of the 
field at a point on this axis 20cm. from the south pole 
and north of it. H = 0-18.- [ Pat. Univ. ] 

Hint: First determine the moment of the magnet, 
Hence the intensity ata distance of 20cm due to the 
magnet alone, The earth’s field is opposite in direction. 
The resultant of the two gives the field required. 

17. A bar-magnet of equivalent length 10cm. and 
moment 390 pole cm. units is placed horizontally in the 
magnetic meridian and a small compass needle is found to 
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stand in neutral equilibrium ata distance of 12 cm. west 
of the centre of the bar. Calculate the horizontal intensity 
of the earth’s field. 
The field due to the magnet at the neutral point is 
PF 2 5080, 
~ V(PLEP) > V(1444-25)° 
But as the compass-needle remains in neutral equili- 
brium at this point, H=F .«. H=0-177 ¢.g.s8, 
units (or gauss ), . 


= 0-177 gauss. 


18. A nniformly magnetised bar-magnet 10 cm. long 
and of moment 200 c. g. s. units is placed horizontal with 
its axis in the magnetic meridian, Asmallcompass-needle . 
placed at a distance of 10 cm. east of the centre of the 
bar is observed to be in nutura) equilibrium. Find the 
horizontal intensity of the earth’s field. | B. Sc, 1924 ] 

19. A magnet is of moment 250 and of length 10 cm. 
What will be the force,due to this magnet at a point (a) 
along the axis 20 cm. away from the north pole, (5 ) along 
the perpendicular bisector, at thesame distance from the 
north pole? {I. Se. 1935] 

19a. Two small bar magnets are fastened together 
alongside each other with similar poles in contact and are 
kept along the magnetic meridian, A small compass- _ 
needie is found to be in neutral equilibrium if kept on the 
axial line at a distance of 20 cm.from their centre. But, 
when one of the magnets is reversed end for end, the 
needle is required to be moved by 10cm. towards the 
magnets to gct it in neutral equilibrium. Find the ratio 
of the pole-strength of the magnets. 

20. Two short bar magnets of momet 108 and 192 
units are placed along two lines drawn ona table at right 
angles to each other. Find the field at the point of 
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intersection of the lines, the centres of the magnets being 
respectively 30 and 40 cm. from this point .[I.Sc, 1934 ] 


3. Couples acting on magnets 


When a magnet of moment M is deflected through § 
in a uniform field of intensity H, restoring couple 
: C = MH sin 0 ; (i) 
If a magnet of moment J is deflected from its normal 
- position through an angle @ in a uniform field of intensity 
H, then the work done against the magnetic forces 
= 2 HM sin? 49 


21. Determine the moment of a couple required to 
deflect a magnet i0cm.long through 60° from the mag- 
netic meridian, The pole-strength of the magnet is 10 
units. H = 0-2 gauss. 


The force m H acting on each pole = (10 x 0-2—)2 
dynes, The perpendicular distance between the forces 
on the poles = 10 sin 60°, Hence the moment of the 
couple=( 2x 10 sin 60° = ) 17-34 dyne-cm. 

22, If a couple-acting on a magnet 12 cm. long having 
a pole-strength of 7 units placed at an angle of 30° to the 
uniform magnetic field is 21 dyne-cm., determine the 
strength of the field. 


23. N-pole of a long magnet (m= 480) is place at 
a perpendicular distance of 40cm. fromthe centre ofa 
horizontally suspended small magnetic needle of length 
4cm. and pole-strength 100 units: Find the ceuple acting 
on the small needle neglecting the effert of the S-pole of 
the long magnet and the earth’s field. 


24. Ahorizontally suspended magnet is deflected 
first through 18’ and then through 38°10’ from its position 


COULOMBS’ TORSION BALANCE 153 


of rest. Compare the torques (7. ¢. the turning moments 
of the forces) acting on the magnetin different positions. 
*25, A magnet of pole-strength 30 units and length 
20 cm. makes an angle of 30° with the magnetic meridian. 
Calculate the turning couple which 
ma tends to bring the magnet back to 
‘i! the magnetic meridian. Also 
\ calculate the work done in 
} rotating the magnet through 
/ 60° from the magnetic meridian, 
( H =0-36 dyne per unit pole.) 

[ B. A. 1927 ] 
(i) Refer to Iixample 21 for 
the first part. (ii) the force F 
acting on each pole = (300-36 = ) 10-8 dynes. 
When the magnet is deflected, the poles move along 


acircle; but this is equivalent to some distance 
perpendicular to the field andsome distance against 
the field, This latter is 1(1-cos () wherelis half 
the magnetic length ofthe magnet and g¢ the angle 
of deflection. Work is required to move each pole 
along this distance against the uniform field. Hence 
the total work Fs done on the two poles 
=[2 x 108.10 (1-0-5) ]= 108 ergs, Or using 
the relation ( ii), W ==(2 x 30 . 20 x 0-36 « $=) 108 ergs. 
*26. ‘A small pivoted compass needle ( M=200 pole- 
cm. ) free to move in a horizontal plane lies at 30° to the 
east of the magnetic meridian in a field of 0-2 gauss. 
Calculate the change in its potential energy if it is 
deflected through 39° more. 
4. Coulomb’s Torsion Balance. 
27, Abar-magnet is suspended in auniform mag- 
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netic field by means of a thin silver wire. The wire is 
twisted through an angle of 100° in order to deflect the 
magnet through 30°, With what twist inthe wire will the 
magnet be deflected through 45° ? [S.E. 1912] 

The deflecting couple is proportional to the torsion 

inthe wire, and the resorting couple is WH sin 6, 

The torsion is (100-30 —) 70° for a deflection of 30°. 

If 6, be the torsion for a deflection of 45°, we heve, 

0 MBE sin 45° 
70° MG sin 30° 
and the total twist is(99-+ 45= ) 144°. 

Note:— Ifthe deflection js small ¢.e. not greater than Io 
M@ sin é may be taken as MH 6 without much error; then 6 should 
“be in radians. 

- 28, A bar-magnet suspended in a uniform magnetic 
field by a fine wire, having no twist tostart with, is turned 
through an angle of 30° by turning the torsion head 
through 120°. What additional angle must the torsion 
head be turned through in order to treble the angle 
between the magnet and the field ? 

29. A bar-magnet is suspended by a wire so as to 
hang horizontally. The topof the wire is twisted through 
210° and the magnet is deflected through 30° from the 
meridian. The same magnet is removed, remagnetised 
and restored to the same position and the top of the wire 
has to be turned through 390° to deflect the bar as much 

-a8 before, Compare the moments of the bar before and 
after the remagnetisation, 


. 6 = 99°, 


5, Tangent Magnetometers. 


For equilibrium of the needle due toa magnet of 
moment M ina field # in the 
(i) End-on position or A position of Gauss 
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M _(@#-?> tne. : aie 
| ne fang or -— go if 7 is negligible. 


"(ii ) Broad-side-on position or B position of Gauss 
av ethy tan (} or d* tan @, if 1 ie negligible; 


where d is the distance of the axis of rotation of the needle 
from the centre of the magnet and / half the magnetic 
length of the magnet. : 

30. Find the moment of a small magnet which when 
placed ata point 40 cm. due east of a compass needle with 
its axis along the centre of the needle produces a deflection 
of 8. (H=0-18 c.g. 8. units, ) 

If F be the field due to the magnet and H the 
earth’s horizontal field acting or the needle of 
moment M’ the couple due to the magnet is M'F cos@, 
and that due to H is M’H sin). When the needle is 
in equilibrium M’F cosQ.=H/'Hain () -. Fa=H tan 6, 
Since the magnet is very small, neglecting its length, 
we have Ff = 2 M/d? where M is the moment of the 
magnet. Hence M = id° H tan t) =(4x 40° 0-18 x 
0-1405 = ) 809-2 poleecms, 


31, A magnet isplaced ‘end on” with reference to 
a magnetometer with its centre 3) cm. away. The mean 
deflection of the magnetometer needle is 45°, What is the 
moment of the magnet? ( H=0-37 c.gis. units ) [B.A. 1925] 


32. Adeflection magnetometer is adjusted with its 
arms due East and West. A magnet 20 cm. long is placed 
on one of the arms along its length with a centre ata 
distance of 20 cm. from the needle and the deflection pro- 
duced is 30°, Find the moment of the magnet ( 1) neglect- 
ing its length, (2) considering its length as not a neg- 
ligible factor ( H= 0-2 dyne per pole. ) 
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33. A short bar-magnet is placed with its axis along 
the magnetic East and West direction. A small compass 
needle when placed 70cm. away from the centre of the 
magnet along a line perpendicular to its axis points 30° 
away from the magnetic meridian. If the value of H at 
the place is 0-32 c.g.s.- units, find the moment of the 
bar-magnet. [ I.Se, 1928 ] 


The couples acting on the needle are M’Hsin § and 
M’'F cos @, where H and F are the fields acting on the 
needle; and M’ and Q its moment and deflection 
respectively. But F=M/d? neglecting length 1 of 
the magnet. 

M = @H tan § = ( 70° 0-32 x 0-5774= ) 63370 
pole-cm. . 


34. A tangent magnetometer is so adjusted that its 
arms are in the magnetic meridian, A bar-magnet with 
ita axis East-West is put on one ofthe arms with its 
centre at a distance of 20cm. from the needle and the 
deflection igs 11°. Determine the moment of the magnet 
neglecting its length (H = 0°3 gauss. ) 

35. Ashort bar-magnet placed at a distance of 40 cm. 
from the centre of a magnetometer-needle produces in 
the end-on position a deflection of 13° 30’. At what 
distance must it be placed in the broad-side-on position 
in order to produce a deflection of 6° 1? Determine also 
the moment of the magnet. (H=0-36 gauss.) 


~ 36. In a deflection magnetometer experiment two 
small magnets are placed perpendicular to the magnetic 
meridian 30 cm. north and 40 cm. south respectively from 
the needle. Compare their moments, if the needle keeps 
undeflected. 
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37. A bar-magnet A (10cm. long) kept at a distance 
of 40 em. in the end-on position, deflected the magneto- 
meter needle by 31°; while the other magnet B (12 cm. 
long) is required to be placed 50cm. away from the 
needle to get the same deflection. Compare the moments 
of A and B. 


; 38. A smalt bar-magnet 50 cm. to the west to a 
compass needle deflects it through 45° at a place A; while 
at a place B, the same magnet deflects it through 31° 
under the similar conditions, Compare the Earth’s 
horizontal field at A and B. 


¥ 39. Two short bar-magnets lie 20 cm. apart along a 
line at right angles to the magnetic meridian. A compass 
needle placed-midway between them is dc flected through 
30° from the meridian. The deflection rises to 60° when 
one of the magnets is removed. Compare its moment with 
that of the magnet which remains. [L.U. J 


6. STATIC ELECTRICITY 


1. Coulomb’s Law 


The force F exerted between two point charges e, 
and e, distant @ apart in air is e,e,/d*, 


1, Two small spheres are placed 10 cm, apart in air, 
If one of them carriesa charge of 27 units of positive 
electricity and the force of attraction exerted between 
the two is 8-1 dynes, find the charge on the other. 

Taking a negative sign for the force of attraction # 


The force F = - 8-1 dynes. Hence 4° = - 81 
@= - Z ea = - 30E.S. Units. 


2. Calculate the strength of a field at a point equi- 
distant from each of the two equal and opposite charges 
of 100 units, when the distance between them is 10 om, 
Find the direction, of the field also. 

Hint: The magnitudes of the forces are equal and 
they act in the same direction, viz., towards the negative 
charge. 

3. Twosmall spheres, charged with 100 E. 8S. U. each, 
are placed respectively at the corners BandC of an 
isosceles triangle ABC, where AB = AC =: 50 cm.,, 
and /BAC = 60°. Find graphically or otherwise the 
strength and the direction of the electric field at A, 

4, Calcuiate the force on a charge of —10 units 
placed at the intersection of the diagonals of a square at 
the corners of which are placed point charges of 2,- 10, 


108 
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20 and 10 units respectively. Hach side of the square 
measures 10 cm. 

Hint: Find the intensity of the electric field at the 
point considered. Hence the required force on the given 
charge. 

5. Charges of 100 units each are placed at the two 
opposite corners A and C ofa square ABCD the side of 
which is 10cm. Ifa charge of -50 units is placed at B, 
find the direction and the magnitude of the force which 
would act on a charge of —- 10 units placed at D. 

6. Two small spheres, each of mass one decigramme, 
are suspended from a point by threads each 50 cm. long. 
They are equally charged and repel each other so that 
the distance between them is 20cm. What is the charge 
on each ? [ T.Se. 1928 ] 

Let P and @ (Refer to the figure on example 9 | 
in magnetism) represent the givenspheres suspended 
from acommon point O. Let e be the charge on 
each of the spheres, then the force of repulsion 
between the two will be e?/PQ’ acting along the 
horizontal, Each sphere is now in equilibrium 
under the action of three forces viz., (i) the force 
of repulsion acting horizontally. (ii) the weight of 
the sphere acting vertically downwards and (iii) the 
tension in the string. Hence taking the moments of 
the forces about the point of suspension O, we get 

2 2 

26 xO0C= mg? os 502 50? ~ 10? =0-1 x 980 x ie 

Hence on simplifying we get e~89.45 E.S.U, ; 

7, Two spherical pith balls, each of mass 0-2 gm. and 
each charged with e units of positive electricity, are 
suspended by light insulated threads of length 50cm. from 
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the same point. In the quilibrium position on each thread 
makes anangle of 5° with the vertical. Prove thate is 
equal to 36-2 units. 


8. Two small balls, weighing 0.5gm. each, are suspend- 
ed vertically from two points 3cm. apart in the same 
horizontal plane, by means of silk fibres, each one deci- 
metre long. Onimparting equal charges of opposite kind 
tothe spheres, they are foundto approach one another 
until the distance between the two is reduced to 2 cm, 
What is the change on each? 


Hint: Consider the forces keeping the ball in equili- 
brium in the displaced position. Hence take the moments 
of these forces about the point of suspension of the fibre. 

9. Find the charge on asmall body if its weight 
appears to increase by 0-02 gm. when it is placed 10 em. 
vertically over another small body carrying a charge of 
100 E.S. U. 


**10, The bob of a simple pendulum is a sphere of mass 
10 gm, and it is suspended by a silk-theread, so that the 
length of the pendulum is 70em. Vertically beneath it 
is placed a second sphere carrying an electric charge of — 
400 E. 8. U. Determine the period, if the bob is given a 
charge of —-350, H.S.U. and is kept 10cm, apart in air 
from the other sphere. The amplitude of vibration is so 
small that the attaractive force may be taken acting along 
the vertical. : 

For as:mple pendulum 7’=27/l/g where g is the 
actual a:celeration in the vertically downward 
direction In the present case two downward forces 


** Example 10 and 11 may be omitted. They are not in the 


syllabus. 
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act on the bob, one due to its weight and the other 
due to the attraction between the two electric charges, 
If the acceleration on the bob due to the electric 
force beg, the total downward force will be gta 
per unit mass. The force of attraction between the 
charges is (350 x 400/10° = ) 1400 dynes, hence 
a = (178°) 140 em. n-/800.' 2 aa P/m 
“ period 7 2x sles gia =n le a == 1571 sec. 
**11. The bob of a simple pendulum adjusted to beat 
seconds is asphere of lO gm. Vertically beneath it, is 
kept asecond sphere carrying a positive charge. When 
the pendulum bob is negatively electrified, the period is 
1-0 sec. Determine the attractive force between the two | 
due to the electric charges. ( Assume the attractive force 
to act in a vertical direction.) 


Hint: Find the total downward acceleration. Hence 
the acceleration due tothe electricforce. The bob is 
_ affected by this attraction. Mass of the bob is known. 
Calculate the required force. , 

12. Two equal spheres of water carry equal charges 
of the samekind of electricity. Find the change in the 
surface density of electrification that willtake place when 
both combine to form a large sphere without loss of any 
charge, 


Hint: Find the surface area when both the spheres 
coalesce. The total charge gets uniformly spread over 
this area. 

2. Electric Potential 


Electrostatic potential at any point is equal to the 


work, in ergs, required in order to convey a unit positive 
Li— E.F.Y.P. 
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charge from an infinite distance upto that point. 

The potential V due toaninsolated charge Q ata 
point distant d from it is Q/d. 

Work is to be considered as negative when the charge is moving 
down the grade of potential and positive when up the grade of 
potential ¢.e.work is to be considered positive when it is done upon 
the charge and by an external agency. Note that ‘potential‘ is 
a scalar quantity. 

13. Asmall isolated conductor carries an electaic 
charge of 100 E.S.U., Find the potential at a point 
distant 20 cm. from it. 

The required potentialis Q/d=— ({ 100/20— )5 units. 

14. Twosmall conductors 40 cm, apart have each, a 
positive charge of 10 and 50 units respectively. Calculate 
(i) the force per unit positive charge, (ii) the potential, + 
midway between them. 

(i) Theforce due to 10 units is 10/20*. and that 
due to 50 unitsis 50/20°., . the resultant force 
=[ (50-10) /400= ] 0-1 dyne and is directed towards 
10 unit charge. (why?); (ii) The potential V,=— 
($2 = )0-5. The potential V,= (3§= ) 25. The 
resultant potential due to both the charges 
=(2-5+0-5=) 3-units, , 

15. At cach of the corners of an equilateral triangle, 
the side of which is 8 cm., is placed a-charge of 100 units 
of electricity. Find the potential at the point of inter- 
section of its medians. 

16. Asquare ABCD of side-length 8 cm, has electric 
charges of magnitudes 16, 34 and 24 e.s.u. placed at the 
three corners B, C and D respectively. What is the 
resultant potential at A ? [ B.A. 1929 ] 

17. If 1000 ergs of work is done upon a charge of 
10 unitsin moving it frema point ata potential of 50 
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units to a point at a potential V, find the value of V. 

Hint: Since the work is done upon the charge, it is 
moved toa point at a higher potential, Hence V is 
greater than 50. 


18. Find the energy spent when a charge of 25 
electrostatic units is taken from a place of potential 50 to 
a place of potential-15, [ I. Se. 1932 ] 


19. Two equal and opposite charges e and—e are at 
a distance apart 5x 107° cm. In order to remove one of 
them away from the other to infinity, work has to be per- 
formed against them amounting to 4°55 x 107''ergs. What 
is the numerical value ofe in e.s. units? [ I.Se. 1935 ] 


20. Charges of l0units each are placed at the 
corners of a square the side of whichis 4cm. Determine 
the potential at the point of intersection of the diagonals, 
How much energy isexpended in carrying a charge of 10 
units from the mid-point of a side to the point of inter- 
section of the diagonals? — 


Hint: Determine the potential at the two points 
considered, The difference between these two potentials 
gives the amount of work required to move a unit charge 
from one point at a lower potentialtothe other ata 
higher one, 


*21. A particle of mass 9x10-?* gm. carrying a 
charge of 4:77 x 107'° E.S. U. moves freely ina vacuum 
between two plates between which a constant P. D. of 
190 E. S. U. is maintained. Find the velocity acquired 
by the particle. 

Hint: Kinetic energy acquired by the mass is due to 
the work dove in moving from one plate to the other. 
Obtain the velocity by equating the two energies, 
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3. Capacities of conductors. 


The capacity of a conductor C= QV... cece (i) 
The capacity of aspherical conductor of radius rcm=r (ii) 
The resultant capacity of anumber of conductors of 
capacities C,, C,, C, ....-. C,, when joined by a fine wire 

18 C.-C yee ceeee tee ceee GO, cece eeeceesseeeeeee (Hib) 

22. A spherical conductor of radius 10 cm, is imparted 
a charge of 200 units: Find the potential at the surface. 

The charge act as if it were concentrated at the 

centre of the sphere. Hence the potential is 

Q/d = ( 200/10 = ) 20 units, 

23. Aspherical conductor has a charge of 1000 units 
and is at a potential of 100 units. What is its radius? 

24, Ahollow spherical conductor of 10 em, radius 
carries a charge of 100 units of positive electricity, Find 
the potential (1) at the surface of the conductor, 
(2) inside it and (3) at points at distance of 30 and 
40 cm. from its surface. Ifthe conductor.is connected 
by along thin wire with another spherical conductor of 
10 cm diameter find the charge and the potential of each 
sphere. 

(l) « @=r=10cm. the potential at the 
surface V = (Q/C = ) 100/10=10 units. 

(2) No charge resides inside a closed hollow con- 
ductor; the potential inside is the same everywhere, 
and is equal to that on the surface. Hence V=10 units. 

(3) i. At the point distant 30 em. 


Vs gona | 2.5 units. 


ii, At the point distant 40 cm. 
ae 


V = [ 190 = | 2 unis 
dete a . 
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(4) The capacity of the new sphere C,=r,=5 cm., 

hence the resultant capacity when the two are joined 

C = (10+5=) 15 cm, ». the common potential = 4%, 
and the charge on the first sphere is C, V =('°¥}°°= 
66-66 units and on the other (129¥5 =) 33-33 units. 

25. The metal spheres of radii 6 and 12cm. electri- 
field with 400 and 320 positive units respectively, are 
placed along way apart and then connected by a very 
fine insulated wire. Find the final potential of the 
sphere. [ I. Se, 1934 ] 


- 26. A metal sphere of 10 cm. radius carrying o 
positive charge of 100 units brought into contact with 
another metal sphere of 5 cm. radius carrying a negative 
charge of 50 units. Find the charge on and the potential 
of each sphere after contact. [I. Se. 1925] 


Hint: The resultant charge is shared by the spheres — 
in the ratio of their capacities, The final potential of both 
_ is the same. 


27. Two insulated spheres of radii 10 and 5 cm, 
respectively have their centres 20 cm. apart. The 
potential of B is 5 and the work done in carrying 4 units 
of electricity from B to Ais 20 ergs. Calculate the 
potential of A and the charges on A and B. What will 
be their potential when they are connected by a wire ? 

[ I. Sc. 1930] 


28. An insulated sphere of 10 cm, radius is charged 
to a potential of 100 units, it is then made to share its 
charge with a Leyden jar. If the resultant potential is 
found to be 80 units, find the capacity of the Leyden jar, 

Hint: First find the total charge, then the resultant 
capacity. Hence determine the capacity of the jar, 
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4. Capacities of Condensers 


Capacity of asphercial air condenser having the radius 
of the inner sphere 7, and that of the inner surface of the 


rr 
outer earth-connected sphere 7, a ee i: = 


The capacity C of a parallel plate condenser = A/47d. 

The intensity F ofa field between the plate ofa 
parallel plate condenser with air as dielectric — 47, 

29. Aspherical air condenser, the coatings of which 
have radii4cm, and 5cm. respectively, is charged toa 
potential of 20 units, the outer coating beings in contact 
with the earth, Find the capacity of the condenser and 
the charge on it. State what would happen if air is 
replaced by sulphur, 

The capacity of the outer coating is 5 em, and that 
of the inner one 4 cm; therefore, the capacity of the 


condenser ieee =| 20 cm, The magnitude of the 


charge on itis CV =[ 20x20] = 400 units. 

Capacity of the condenser increases when air is 
replaced by sulphur because the potential of the 
charged conductor falls. 


30. Determine the ratio of numerical values of the 
capacities of a sphere of 10cm. radius when it is surrounded 
concentrically by another hollow sphere, once of 12 cm. 
radius and another time of infinite radius. [ B. A. 1929] 

31. The plates of a parallel plate condenser are 
220eq.cm. each and are separated by air. Find the 
capacity of the condenser, when the distance between 
the plates is 2-6 mm, 

2207 


sae (AL, a 
The capacity is hed 1000-08 = 70 cm, 
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32, At what distance the plate ( diameter = 4 cm. ) 
of an air condenser should be placed so that it can have 
the same capacity as that of a sphere carrying a charge of 
100 units and having a potential 20 units ? 

Hint: First find the capacity of the sphere. This is 
equal to the capacity of the plate condenser. Hence 
determine the required distance. 

33, A condenser consists of the two circular parallel 
plates of 4 cm. diameter, and one of them is earthed, At 
what distance must the other plate be kept go that the 
condenser possesses the same capacity as thatof a 
conducting sphere of 100 cm. diameter immersed entirely 
in air upto infinity ? [ I. Sc. 1936 ] 

Hint: Capacity of the plate condenser has to be 
made equal to that of the sphere of radius 50 cm, 

34, The plates A and B of a paralle) plate condenser | 
of capacity 20 units are 3mm. apart. A is insulated and 
B is earthed. When 4 is charged positively the electric 
intensity at any point between A and B is 4 units and 
acts normally tothe plates. Calculate the charge on A. 
If the electric intensity remains unaltered when A is 
moved towards B by 1 mm., calculate the capacity of the 
new arrangement, [1 Se. 1926] 

Here the capacity A/4;d=20 ». A=20x47y 03224; 

sp. cm. Butthe electric intensity F = 4. It also 
must be equal to 4x3 .. the surface density 5 = 1/x. 
*, total charge Q= Ag=24 units. 
When the plates are taken nearer, the capacity is 


4nd ~ 45x02 — 
5. Specific Inductive Capacity. 
Specific Inductive Capacity (S.1.C.) ofa substance 
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K= capacity of a condenser with the sub. as dielectric 


capacity of the same condenser with airas the ,, 


35. An air condenser has a capacity of 50e. st. units, 
On changing the dielectric, the same condenser shows the 
capacity of 400 e. st. units. What is the dielectric constant 
(or 8.1. C. ) of this new substance ? 


36. Inthe example 31, if the air is replaced by mica 
of specific inductive capacity 6-6, find the capacity of the 
condenser. 


37. Two plates each 20 cm. square kept at a distance 
of 0-2 mm. form a parallel plate condenser. Find the 
intensity of the field between the two plates and the 
capacity of the arrangement (1) when the space between 
the plates contains air and (2) when the space is filled 
up wiht paraffin wax of 8. I. C.2°5, The insulated plate 
is given a charge of 1000 units. 


Condensers in series and in parallel 


The resultant capacity C, of a number of condensers, 


having their capacities C,, C,, C,, ... .. respectively is 
given by , 
(i) ¢@,=C,+0C,+ .... when joined in parallel. 


(ii) a7 ota: -+ .. when joined in series. 
; ( or in cascade. ) 
38. 3 condensers of capacities 4, 5 and 10 cm. respec- 
tively are connected (a) in parallel (6) in series. Cal- 
culate the resultant capacity in each case. 
(a) The resultant capacity C,=(44+6+10—) 23 cm. 
(b) The resultant capacity C, is given by 


Te os wee. 60 
Ca. ar + 9°: C.= 3i cm. 
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39, What is meant by charging Leyden jars, ‘in 
cascade’? Three Leyden jars whose capacities are 2. 4 
and 6 em. respectively are joined in series, What is the 
final capacity of the arrangement ? 


40. 4 Leyden jars, each having a capacity of 100 units, 
are joined in parallel. Find the capacity of the arrange- 
ment. 


41. 3 condensers of capacities 10,20 and 30 cm. respec- 
tively are joined in parellel and then charged to a pot- 
ential difference of 40 units, Find the total charge given 
and the amount of charge shared by each. 


42. Two condensers whose capacities are 10 and 5 

E. St. Units respectively are connected in series and the 

combination is joined to a source of potential difference 

- of 300 E. St. Units, Find the charge and the potential 
difference for each condenser. = 
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1. Forces acting on a Conductor 
Carrying a current in a magnetic field 


The mechanical force acting on a conductor, of length 
1, placed perpendicular to a magnetic field H and carrying 
a current C is 10H. 


If the current is measured in amperes, the force will be one- 
tenth of the above, as ten amperes of a current cqual one absolute 
unit of it. 


Generally all the measurements in electricity are taken in 
C.@-S. system. 1 cersted = 1 gauss i.e. 1 dyne per pole. 

1. Find the mechanical force acting ona straight 
conductor 20 cm. long placed at right angles toa magnetic 
field of 50 oersteds. The current passing through the 
conductor is 10 amperes. 

The mechanical force acting on the conductor 

ICH = (20x {2x 50= ) 1000 dynes. 

2. An electric power line is two kilometres long and 
is at right angles to the magnetic meridian. Find the 
force acting upon the wire if it carries a current of 91:8 
amperes and H=0-3 c.g.s. units. [1.S¢ 1946 ] 

3. Findthe magnitude and direction of the force 
acting on a straight conductor 50 cm. long placed at right’ 
angles to the earth’s magnetic field H of 0-30 oersted. 
The current enters the conductor at the upper end and 
is of strength 2 amperes. 

Hint: Apply the left-hand rule. The fore finger 
shows the direction of the fild, the middle finger the dire- 


*In all the formule in this chapter symbol C is used for @ 
current in absolute units J for a current in practical units. 
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ction of the current while the thumb shows the motion 
giving the direction of force. 

4. Determine the strength of a magnetic field in 
which a conductor, 10 com. long, carrying a current of 5 
amperes when placed inclined at 30° to it, is acted upon 
by a force of 1-75 dynes. 

Hint: Here the component of the field perpendi 
cular to the length of the conductor is effective. The 
component parallel to the direction of the current does 
not exert any force on the conductor. Hence calculate 
the force due to the other component, 

5. A wire, 100 cm. long, was lying at right angles to 
a magnetic field of strength 0-2 oersted. On passing a 
current of 10 amperes the wire moved at right angles 
across the field through a distance of 10 cm. Find the 
work done. 

6, A rectangular coil carrying a current of 2 amperes, 
when freely suspended in a magnetic meridian, sets itself 
in a vertical plane inclined at 30° to the magnetic 
meridian, The vertical sides of coil are each 30 cm. 
long and the horizontal ones 20cm. Determine the 
couple acting on the coil. (H=0-2 oersted. ) 

The mechanical force acting on each of the vertical 
wires is ICH =(30 x 0-2 x 0.2=) 1-2 dynes. Since the 
coil makes 30°with H,the normal tothe coil is at 69°. 
to H. Henée the perpendicular distance between 
the two forces trying toturn the coil is 20 sin 60° 

couple 1CH 6} sin 60° = (1-2x20x0-865—) 
20:78 dyne-cm. 

7. Find the couple acting ona rectangular coil of ° 
length 30cm, and width 20cm. situated in a vertice! 
plane making an angle of 60° with a field of 0-2 oersted. 
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There are 30 turns of the wire }: the coil and a current of 
0-1 ampere flows in it, 


Aint: Each turn behaves as an independent coil. 
The total effeat is that of all the turns added together. 

8. Acoil of 80 turns, each embracing an area of 25 
sq. cm., carries a current of 2 amperes. Find the value 
of the couple acting on the coil, when if is held in a 
vertical plane inclined at 30° to the magnetic field of 
strength 20 units. 


9. Acircular coil of 10 turns and of radius 10 cm. 
carries a current of 2-6 amperes. What couple will be 
required to keep the coil parallel to the magnetic 
meridian? (H==0.3 gauss. ) 

10. A square coil, having each side 50cm. and 
carrying a current of 10 amperes,is held with its plane 
parallel to the magnetic field of strenth 0-4 c.g.s. units, 
Calculate the work done when the coil moves to the 
position of stable equilibrium. (I. Sc. 1929 ; 


Since the cojl moves to the position of stable equiliy 
brium, the deflection’of the coil from the field is 90°- 
and the total number of lines of foree (N) cut by the 
coil is AH = (50? x 0-4=)1000. 


Hence the work done NC = (1000 t2= ) 1000 
ergs. Or slove thus:—-Each of the vertical conductors 
are acted upon by a force of (50 1x0-4=) 20 dynes. 
The point of application of each force moves through 
a distance of (49 =) 25 em. Hence the work done by 
each of the forces in taking the coil in the position 
perpendicular to the field is (25x20= ) 500 ergs. 
The total work done, therefore, is (500x2= ) 1000 
ergs. (Compare the example 25 on magnetism. ) 
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‘ll. <A vertical circular ring (radius 6 cm.) carrying 
acurrent of 4 amperes isin equilibrium in the earth’s 
magnetic field, when perpendicular tothe magnetic 
meridian. What energy shall have to be spent in turning 
the ring round the vertical axis until its plane coincides 
with the meridian ? ( H—0-4 oersted. ) 


12, Calculate the work done in turning the coil in 
example 10 from the position inclined at 30° to that of 60° 
to the magnetic field. 


Hint: In the 30° position, the linesof force enclosed 
by the area are A sin 30°, while in the 60° position, 
they are H A sin 60’. Hence the work done is the iscrease 
in the lines of force threading through the area multiplied 
by the current. 


2. FIELD DUE TO A CIRCULAR CONDUCOTR 
The magnetic intensity F due toa current Cina 
circular coil of m turns each of average radius 7 is 


(i) ae at the centre of the coil. 


and (ii ) eae at the point onthe axis ata 
distance d. 
Tf the current ig in amperes the intensity will be one-tenth of 
the above. 
13. A current of 3-5 absolute units passes through a 


circular coil of radius 10 cm, What is the magnetic 
intensity at the centre of the coil ? 


The current is. 3-5 ab. units and the number of 
turns in the co: unity, hence, from relation 


Inn 


9 
FP — ~,we have, P= 
% 
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14. What current must pass through a circular con- 
ductor of mean radius 5 cm., in order to have a force of 
*? dynes exerted on a magnetic:pole of 10 units placed at 
the centre of the coil ? 


Hint: The magnitude of the force acting on the 
10-unit pole is given. Find the force per unit pole, That 
is the magnetic intensity at the centre of the coil. Hence 
determine the current C or I, 


15. Calculate the strength of a magnetic field at the 
centre of a circular coil of 20 turns and 20cm. diameter 
due to a current of 10 amperes flowing in it. Determine 
the force which would act upon a magnetic pole of 10 
units placed at the centre of it. 


The magnetic field at the centre of it, 

QaenC _ 2x 8-142 x 20 x10 

r 10x 10 

Hence the force acting on the given pole of 10 units 
= (10x 1257=) 125-7 dynes. 


= 12-57 gauss. 


16. What is the intensity of the magnetic field at 
the centre of the coil of a tangent galvanometer of 20 
turns of wire, and of radius 1] cm., when a current of 
0-42 ampere is passed through the coil. 


17, The force exerted on a 100-unit pole placed at 
the centre of a coil of wire of 100-turns and a mean 
diameter 20cm. is 6284 dynes, Determine in amperes 
the current flowing through it. 


18. A field due to a current of 20 amperes in a 
circular loop of wire repels a S-unit pole at the centre of 
the loop with a force of 20 dynes. What must be the 
radius of the Joop ? [¥. Se. 1922] 
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19. How many turns are there in a coil ( of wire ) of 
negligible cross-section and of radius 15-4 cm ° which 
produces a field of 6c. g.8. units at its centre when a 
current of 3 amps, flows through it ? [I. Se. 1945. ] 


20. Find the strength of a magnetic field at a point 
20 cm, away on the axis of collof wire of 20 turns and 
mean radius ]0 cm., when a current of 10 amperes passes 
through it. 


We have here r=10 cm. n=20, d= 20 cm. 

hence using the relation (ii) we get 
y . 2 2 
= axe eter esleg au) = 1-124 oersteds. 
(10? 20°) 

21. The force on a magnetic pole of 100 units placed 
ata point 40 cm, away on the axis of a loop of wire of 10 
turns and radius 30 cm. is 22-623 dynes when a current of © 
electricity is passed through the wire. Calculate in 
amperes the strength of the current. 


22. Twe similar coils of wire, having a radius of 
4cm. and 10 turns have a common axis and are 6 cm. 
apart. Ifa current of l ampere flows through each of 
the coils in the same direction, find the strength of the 
magnetic field (a) at the centre of either coil and (b) ata 
point on their common axis midway between them, 

LI. Sc. 1928.] 

Hint: Find F, and F, due to each coil at the points 
considered. The sum of these two fields at the point 
willgive the required field. They are in the 
direction, Use relation (ii) 


saine 


23. Calculate the strength of the magnetic field in 
the above example taking the same current to flow 
through each of the coils in opposite directions, 
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Hint: The fields at the points considered to opposse 
each other. The resultant gives the required field. , 
24. The coil of a tangent galvanometer is of 10 
turns of an average radius 27 cm. Itis keptin a plane 
perpendicular tothe magnetic meridian. A small mag- 
netic needle, freely suspended at the centre of the coil, 
makes 20 oscillations in 10 seconds. On _ passing 
acurrent through the coils, the needle takes the same time 
to make 30 oscillations, without changing the direction 
of its poles. Find the currrent strength. H-=—0-30 gauss 
Let H’ be the field due to the current J amperes 
then in the first case the field is H while in the other 
it is H'--H. Hence as the frequency of oscillation 
varies as the square root of the field in which the 


magnet vibrates 


Be are yy 270 2a 100: 


N, H * “0:30 
. A = (12 = ) 3-375 gauss, 
iit this field H' at the centre of the coil due to the 
2a x 10xI 1-50 


current Z is- 10 xan , but H= ya “. I= 0375 - 


ampere, 

24a. Find the frequency of vibrations in the above 
example, if the current is 0-5 ampere, (1) when the 
direction of the needle remains the same, (2) when the 
direction gets reversed. What wiil be the effect on the 
needle and on the period, if the current is changed to 
0-25 amp, (1) once in the original direction, (2) other 
time with the direction reversed ? 

25 Acireular coilof J5turnsof wire of mean radius 
67 cm. was held vertically in a plane paralle) to the 
magnetic meridian. A short horizontal magnetic needle 
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freely suspended at the centre of the coil performed 10 
oscillations in 16 seconds when no current passed through 
the coil. On passing a current of one ampere the needle 
required 10 seconds to perform the same number of osci- 
Uations, Determine the value of H, Also state the period 
of oscillation on reversing the direction of the current 
in the coil, 


Hint: ‘The needle is influenced by the resultant of 
the two fielde acting mutually atright angles, Find this 
resultant and also # due to the current. Hence the value 
of H. 


3. TANGENT GALVANOMETERS 


Ina tangent galvanometer, when a current C of 
absolute units (or of J amperes) flows through the coil of n 
turns each of mean radius 7 which is kept parallel to a 
magnetic field H. 
+H 10rH : 
C= 3—— tan gor] = ->—— tan 
2nn 8 2nn ’ 
ved 2nn 
=@ tang, where Ga the constant of the 
galvanometer. 
= k tan f), where k = H/G, the reduction factor of 
the galvanometer. 
Quantity of electricity is measured in coulombs and is equal 
to the product of the current in amperes and the time in seconds 
during which the current is passing in a conductor ¢.e, Q= It. 
26. Find the reduction factor and also the constant 
ofa tangent galvanometer having 100 turns of wire of 
Mean diameter 20 cm. ( H=0-1885 gauss. ) 


27. A current of 10 amperes produces a deflection of 


45° in a tangent galvanometer. What is the value of the 
12 B.y.p, 
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current which will produce a deflection fo 30° in the same 
galvanometer ? [O. U.} 


Hint: Current is proportional to the tangent of de- 
flection. : 

28. Electricity is passing through a tangent galvano- 
meter at the rate of 15-285 coulombs per minute and the 
observed mean deflection of the needle is 27°, Determine 
the reduction factor and the constant of the galvano- 
meter. 

The current C= hee 5) absolute units. 


‘ — 15.285 
Also C=k tan 27° « b= 195. 60%0-5095 = 0.05 units. 


The constant G= ne G= ows 6. 

29. The radius of the coil of a tangent galvanometer 
is 20cm. and the coil has 5 turns of wire. The horizon- 
tal component of the earth’s magnetic field is 0-314 gauss. 
How many coulombs of electricity will pass through the 
galyanometer per minute when the deflection is 45° ? 


30. A tangent galvanometer of radius 20cm. and 100 
turns of wire showed a deflection of 45° when its coil is 
placed parallel to the earth’s field. An ammeter in the 
same circuit showed a reading of 100 milliamps. Find the 
value of H, [ I. Sc. 1931 ] 

31. A vertical coil of mean radius {0 cm, and consist- 
ing of 20 turns is placed in the magnetic meridian. A 
deflection of 33:, when a current of 0-25 ampere flows 


through the coil. Calculate the value of ff, 
In the case of a tangent galvanometer, current 
10rd | O-25x2ex20x154 
T= nf. H= - ee aac = (0484 gauss. 


Sear 
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32. A tangent galvanometer has 100 turns of wire of 
radius 10cm, It gives a deflection of 45° with a current of 
1 ampere when its coil is parallel to the field H. Find the 
value of H. Assuming that it is used to measure currents 
giving a deflection between 30° and 70°, find the range of 
currents in amperes for which it can be used. 

33. Calculate the intensity of the magnetic field at the 
centre of the coil of tangent galvanometer of 19 turns of 
wire and 15 cm. radius, when a current of 0-45 ampere is 
passed through the coil. If the earth’s field H_ is 0-358 
.g.8. units, find the deflection of the galvanometer needle, 

[ B.A. 1927. ] 

34. A circular coil of 10 turns and mean radius 20cm. 
is held vertically in the magnetic meridian. .A small 
magnetic needle, freely suspended at a distance of 10 cm. 
along the axis from the centre of the coil, shows a deflec- 
tion of 35° when a current is allowed to pass through the 
coil. Find the current. (H=0-2 gauss. ) 

Hint: First find F in terms of the current, then 
use the tangent formula which will give the strength of 
the current. 

35. The vertical plane of the coil of a tangent 
galvanometer with 10 turns is inclined to the magnetic 
meridian by 30° to the West. A current of 0-4 ampere is 
passed through the galvanometer coil. If the needle 
deflects by 30° to the East, calculate the value of the 
horizontal component of the earth’s magnetic field, 
(Radius of the coil=4zem. ) [ I. Se. 1927] 


The force F due to the coil acts at right angles to 
its plane. The needle is controlled by the effect of 
the two fields Fand H,and makes an angle of 30° 
with H. Hence, 
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MH sin 30°=MF cos 60° 
MHAx0-5= Mx 27x 10x 0-04 x 0-05 /4i¢ 
H=0-2 gauss. 


36. Acircular coil of 5 turns has a radius equal to 
10 em. and is placed in a vertical plane making an angle of 
30° with the magnetic meridian. Calculate the value of 
the horizontal component of the earth’s magnetic field, if 
a small magnetic needle placed at the centre of the coil is 
deflected through aright angle when a current of two 
amperes circulates through the coil. (B. A. 1925.) 

Hint: The component of Fin the magnetic meridian 
just neutralizes H, The needle is at rest under the influ- 
ence of the other component of F perpendicular to the 
meridian, 


37. Thecoil of a tangent galvanometer is kept in the 
magnetic meridian and a current of 0-2 ampere is allowed 
to flow through it. The coil is then rotated through 30° 
about the vertical axis so that the galvanometer needle 
and the coil both come in the same plane. What is the 
horizontal intensity of the earth’s magnetic field, if the ° 
coil has 10 turns of a wire of mean radius 6:284cm ? 


Here the deflecting field due to the current in the 
coil is perpendicular to the axis of the needle, 
and hence the equation of equilibrium is 


2nnt _ 2nx10K0-2 


F = Hsin. Butf =- 628s 0-2 gauss; 
= 0-2 - =Ord gauss, 
sin30° ; 


38. The coil of a certain tangent galvanometer is 
capable of rotation about a vertical oxis. When a current 
of 0 Samp. is passed through the coil fixed in the magnetic 
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meridian, the deflection observed is 45°. Anovher current 
ig then passed through the galvanometer and the coil 
rotated and finally kept in the plane of the needle. Find 
the value of the current if the deflection observed is 30°, 

[1. Se. 1933] 


38a, A sine galvanometer bas a coil of 10 turns of an 
average diameter of 47 cm, On passing a current through 
it, the coil has to be rotated about a vertical axis through 
30° from the magnetic meridian in order to have tle 
needle in the same plane as the coil. Calenlate the 
current. ( H =0-2 gauss.) 


4. OHM’S LAW 
Electrict Circuits 


Ohm ’s Law states that when two points are taken on 
a conductor, the ratio of the difference of potential V 
between these points to the current C flowing through 
it is constant, This constant is called the resistance 
of the said conductor between the points considered. 
Hence, 
Volts 


PD. wos 
Bee rr ae R,or-—--_—-= Ohms. 
current C Amperes 


(i) 


(ii) when a cell is working on a circuit, 
Vo ae oy 


oR Un Raa 
where J = the current in amperes 
V = PD. (in volts) at the terminals of the cell. 
Ee= ¥E, M. F. (in volts) of the cell. 
external resistance {in ohms) in the circuit, 
internal resistance (in ohms) of the cell, 


| 


R.. 
R, 


i 
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(iii) When a galvanometer of resistance g is shunted 
by a resistance s, the current in the galvanometcr 


= oes, where Cis the current in the main 
st+g 

circuit, 

39. Two flash-light electric bulbs are marked 2.5/, 
0-3A,and 3-57, 0:34 respectively. If V and A stand 
for volts and amperes respectively, determine the resist- 
ance of the bulbs when litup. 

P.D, 
current 

R = (3:3=) 8! ohms, the resistance of one bulb. 
Similarly the resistance of the other bulb is (3:4 = } 
112 ohms. 

40. Whatis the resistance of an electric heater (when 


hot,) if a current of 0-5 ampere passes through it, when 
joined to a 110 voit circuit 2 , 

41. What current flows through an elvctric heater 
of 200 ohms resistance placed across a 250-volt circuit ? 

42, An electric current pass through a coil of resi- 
stance 15 ohms. If the P.D, between the terminals of 
the resistance is 1-5 volts, determine the current. 

43, Three resistances of 10, 15 and 25 ohms respecti- 
vely are joined in series, anda current is sent through 
them at a voltage of 12 volts. Determine the current, 

Here the resistance # of the circuit is 
R= (10+15425=) 50 ohms. 

12 
R~ 50 
44. A maximum current that a giveneclectric lamp 


From Ohm’s Law, resistance is given by -- 


Hence the current is = 0-24 ampere. 


of 93 ohms resistance can draw from an electric supply at 
110 volts is 0-25 amp. What resistance will have to be 
put in series in the circuit ? 
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45, The P. D.at thcends of an 18 ohm resistance 
coil in an electric circuit is 3 volts. What is the P. D. 
across the terminalis of a6 ohm resistance in the same 
circuit ? 

Hint: The same current passes through both the 
resistances, Use therelation P. D. «resistance. 

46. A 220-volt circuit contains two motors in series 
having their resistances 100 and 200 ohms respectively, 
Find the fall of potential through each. Calculate the 
current also. : 

47. A 220-volt current passea through 10 Jamps in 
series, each lamp having a resistance of 55 ohms. Deter- 
mine the current passing through the lamps and the fall of 
potential through each. Calculate the P.D. necessary to 
send the same current through each of the lamps when 
arranged in parallel. 


The total resistance of the lamps in series is 
R=(10x55=) 550 ohms. 
Hence the current J in the lamps=3?28=0-4ampere, 
The fall of potential through each lamp is 
TR = (0-4 553) 22 volts. 
This also shows that in the parallel arrangement P.D- 
required by each lamp is 22 volts. or 
When the lamps are in parallc), the total effective lamp 


resistance R is given by a = pa » &=5-50 ohms, 
Since each lamp takes 0-4 ampere, the total current 
required is (0-4X10=) 4 amperes. 


P.D. =(4x55=) 22 volts. 
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48. Auniform wire of resistance 12 ohms is bent 
into a circle and two points at a quarter of the circum fer- 
ence apart are connected to a battery whose resistance is 
1 ohm and e.m.f. 3 volts, Find the current in the different 
parts of the circuit. ( T.Se. 1940 ) 

49, A flash-light battery is run for some time through 
an external resitance of 8 ohms. The current given by one 
battery is 0-47 amp. in the beginning but falls to 0-27 amp. 
during the time, and the voltage gets reduced to 3-0 volta 
from 4:3 volts. Find the initial and final values of the 
resistance of the cell. 

50. l0electric lamps, each having a resistance of 22 
ohms ( when hot ), are arranged in parallel and a total 
current of 2-5 amperes is required to bring the lamps to 
their proper candle-powers. Determine the E.M.F. 
required. 

51, An electric current of 5 amperes is divided into 
three branches, the lengths of the wires in the three 
branches being proportional to 1: 2: 3. Find the current 
through each, assuming the wires to be of the same 
material and cross-section. 

52. An ammeter joined in series in an electric circuit 
containing some unknown resistance and a celjlofe.m. f. 
1-5 volts showed a current of 0:15 ampere. Determine the 
value of the unknown resistance, if the internal resistance 
of the cell is 2 ohms. ’ 

Neglecting the resistance of the ammeter, we have 
aresistanve of z+2 ohms in the circuit, taking x as 
the unknown resistance to be determiend. 

Hence z+2=(337,=)10 «. x= 8 ohms. 


53. A10-5 volt battery of resistance 0-5 ohm sends a 
current through an external resistance, If the current 
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passing through tie resistance is 0-5 ampere, find the 
external resistance. 

54, When an 8 volt battery, of resistance one ohm, is 
connected through a lamp, the P. D. between the poles 
falls to 7 volts. Find the resistance of the lamp. 

Let r be the resistance of the lamp, then from Ohm's 
‘ee = i =I». 7+7r=8rorr= Tohms. 

The resistance of the lamp is 7 ohms. 

55- A cell, having an EH. M. F. of 1-2 volts, sends a 
current of 0-1 ampere, when its terminals are joined 
through a resistance of 10 ohms, Determine the resistance 
of the cell, 


56. The E. M. F. of a certain battery is 12 volts and 
the current sent by it through an external resistance of 6 
ohms is 1-2 amperes, Calculate the resistance of the — 
battery. 

57. The E. M. F. of a standard battery is 21 volts, 
When it sends a current of 1 ampere through an external 
resistance, the P. D. at the terminals falls to 19 volte. 
Determine the resistance of the battery. 

Here a P. D. of (21-19=) 2volts is driving the 
current in the battery. The current in the circuit is 
lampere. Hence from Ohm’s law, the resistance of 
the battery = (? = ) 2 ohms. 

58. A circuit containing a storage cell and resistance 
has a current of 10 amperes passing through it. The P. D, 
between the terminals of the cell is .1-8 volts, When the 
circuit is broken the P. D. increases to 1-98 volts. Find 
the resistance of the cell. 

59. The E. M. F. of a battery is 20 volts. When the 
poles are connected by a copper wire, a current of 2 


law we have 
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amperes fluws in the circuit and the P. D. between the 
battery terminals fall through 4 volts. Find the resistance 
of the wire and that of the battery. 


60. A dynamo, the internal resistance of which is 10 
ohms and the E. M. F. 63-75 volts, sends a current through 
an external resistance of 10 ohma in series with a set of 3 
resistances 5, 10 and 2 ohms respectively in parallel, 
What is the total resistance in the circuit, and the current 
flowing through the dynamo ? 

The effective resistance R of 5, 10 and 2 ohms in 
parallel is given by 

} 1. ‘1, 1 16 
Hence the total resistance in the circuit is 
(1-25-+-10-+-10=) 21-25 ohms. 
. the current = ($}:33)3 amperes, 


61. A-single dynamo operates 1000 similar lamps at 
110 volts, The lamps are arranged in paralle] and each 
of them takes a current of 0-5 ampere. Find the total 
current supplied by the dynamo and the resistance of 
each lamp. 

Since each lamp takes a current of 0-5 ampere and 
as they are in parallel), the total current taken by the 
lamps is. (1000 x0-5=) 500 amperes... the current 
supplied by the dynamo is 500 amperes. 

ifrbe the resistance of each lamp, then from 


Ohm’s law, we have r= (119, —) 0-220 ohma. 


62, 110 tantalum lamps (0-34 A and 110 V’) are con- 
nected in 55 rows of 2 each. The dynamo and the line 


x 


a 
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have resistance 0} ari 1-3. o!.ms respectively. What 
must be the e.m.f. of the dynamo? [ B. A.1929] 

63. 10 lamps, each of 55 ohms resistance, are arrang- 
ed in series. The leads aid the generator have a resis- 
tance of 5 ohms and 1 ohm respectively, Calculate the 
E.M.F. and the P.D. of the generator if a current of 
l ampere passes through the circuit. 


Hint: .The E.M.F, and the P.D. of the generator 
(i.e. dynamo) play the same role as the E.M.F, and the 
P.D. of a battery. 

64. A current from a cell with a tangent galvano- 
meter and a resistance coil in series with it, gave a 
deflection of 30°. On replacing this cell by another, the 
deflection was 45°. Compare the E.M.F.s cf the cells, 
if the total resistance in the circuit remained unaltered, 


65. Acell A is allowed to send a current through a 
tangent galvanometer (g=90 ohms) and a resistance 
coil of 830 ohms, and the deflection is noted. On replacing | 
the cell A by B, the same deflection of the galvanometer 
is obtained by decreasing the risistance of 30 ohms to 
10 ohms, Neglecting the resistance of the cells, find the 
E.M.F. of the cell A, if that of the cell Bis 1-5 volts, 


Let #; be the E.M.F. of cell A, and Hg that of B, 


Es EB, 120 


Ex, _ = ; 
then =ktan 0= 16 90° Ee = 100 


30+-90 
Ex = 1:2 Eg = (1.2% 1-5=) 1.80 volts. 

66. A cell, of internal resistance 2 ohms, is conected 
toa tangent galyanometer the resistance of which is 
4ohms and the deflestion is found to be 58-2°: when 
some resistance ws introduced into the circuit the 
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deflection was reduced to 37-2°. Find the resistance 
introduced and the E.M.F. of the cell, (I. Se, 1924 ] 


C=k tar fin absolute units. If practical units 
are used, J = 10k tan 9. Hence if Ris the resis- 
tance introduced, 


by ohms’ law, 7, =r =10k tan §8-2° (i) 

and I, = £ =10 k& tan 37-2° il 

= o4Ri4= an (11) 
64+R 16128 


Dividing (i) by (ii) — 6 ~ 0-759 ~ and R=6-750 ohms 


Using (i), H=(6x10xk*x 2-6128= ) 96-7 & volta 

67. A tangent galvanometer, having a coil of 50 turns 
and a mean diameter of 40 cms., is connected in a circuit 
carrying an electric current. The total resistance of the 
circuit is 3-142 ohms. If the deflection given by the 
current is 45°, determine the P. D. between the terminals 
of the battery sending the current, The resistance of the 
battery is negligible. ( H=0-2 oersted ) , 


Hint: Calculate the reduction factor first; then 
find the current and the P.D. The current as given by 
the galvanometer will be in absolute units. 


68. A tangent galvanometer is placed in series with 
acellof E.M.F. 1-5 volts and the internal resistance of 
2 ohms. and the deflection observed is 31°. Find the 
resistance of the galvanometer, if the radius of the coil 
be 10 cm. and the number of turns in it be 30, 
( H=0:3142 gauss ). 

69. Acircuit, consisting of a galvanometer and a 
resistance of 20 ohms in series, showed a deflection of 45° 
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in the galvanometer, On changing the resistance to 
50 ohms, the deflection was 35°, Calculate the resistance 
of the galvanometer, neglecting the resistance of the 
battrey. 


70. <A daniell cell is connected in series witha 
tangent galvanometer of one ohm resistance and a box of 
resistance coils) When aresistance of 2 ohms is taken 
out of the box, the deflection of the galvanometer is 60° 
and when the resistance in the box is increased to 20 ohms. 
the deflection falls to 30°. Find the resistance of the cell. 

f €.U. ] 

71. Acircuit consists of a battery, a resistance of 
10 ohms and atangent galvanometer of 20 ohms, resis- 
tance joined in series, The deflection noted ia 45°. On 
introducing an extra coil in the circuit, the deflection falls 
to 31°. Required the resistance of the unknown coil, 
Neglect the battery resistance. 


MISCELLANEOUS EXAMPLES 
General Physics 


1. An airplane flying at a speed of 140mi/hr. encoun- 
ters a wind of 40 mi/br. from the south-west. In what 
direction must the plane head so as to travel eastward ? 
Also find its velocity relative to the ground. 

2. Asimple pendulum suspended from a roof ofa 
railway carriage is in a vertical position. Find its inclin- 
ation to the vertical when the train is just accelerating 
at the rate of 3 ft./ sec’, 

3. A man throws balls up into the air one after the 
other, starting each oneas the previous one reaches the 
top of its flight. Find the maximum height to which 
each ball will rise, if he throws two per second. Find 
also, the total time of flight of each ball. 

4. A boy with outstretched arms drops a marble ball 
from his hand. When the ball falls through one foot, he 
lowers his hand with a uniform acceleration and catches 
the ball the moment itis 2 {[t. below its starting point, 
With what acceleration does the boy lower his hand? 

5. A body weighing 2 Ib, rests on an outstretched 
hand, Find the force with which the body pushes on 
the hand when the hand is moved upwards with the 
acceleration of 3 ft./sec®. With what acceleration the 
hand should move, if the pressure were to be double the 
weight of the body? 

6. A weight of 20 lbs. tests on « horizontal plate 
ascending (@) with a constant velocity of one foot per 


ige 
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second, (6) with a velocity constantly increasing at the 
rate of one foot per second per second, Find in each case 
the force on the plate. (g=32 ft./sec?.) [I.Sc. 1938 Math ] 

7. Aman weighing 160 lbs. is accelerated upward by 
an elevator at 5ft,/sec?. What will be the force exerted 
by the floor of theelevator on the man? State the direc- 
tion of the force also. 

8. Asled leaves the top ofa hill at a speed of 
200 cm./see. and acquires a uniform acceleration of 
80 cm./sec®. while in motion. Tiud the-distance travelled 
during the 4th second, 

9. Agun fires a shell with a muzzle velocity of 490 in, - 
per sec, at an elevation of 87°. (a@) Find the maximnm 
height it would reach and the time required for it, 
(6) What will be its horizontal range ? 

10. A pendulum is suspended from the culling ofa 
tramcar that is moving on a horizontal track with a 
uniformly accelerated motion of 8 ft. /sec?. Find the 
inclination cf the pendulum tothe vertical. With what 
force will a 140-lb. passenger press against the side of 
his seat ? 

11. A small paper pellet weighing 0.7 gm is found to 
fall 420 cm. in one second after starting from rest. Find 
the average resistance of the air on the pellet. (¢=980 
cm./sec’,) [ J. Se. 1929 ] 

12. Acannon weighing 1000 kg. free to move on a 
horizontal plane, fires a sheil of 10 kg. at an elevation of 
45°, If the maximum, height reached by the shell is 


$200 metres. what would be the velocity of recoil of the 
cannon ? 


13. Two forces acting ona particle are atright angles 
and are balanved by a third force making an angle of 150° 
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with one of them. The greater of the two forces is 3 b.wt. 
What are the values of the other two ? [1, Sc. 1938 Math.] 


14. Auniform bar of length 7 ft. 6 in, and weight 
17 Ibs, rests on ahorizontel table with one end projected 
2 ft. 6in. over the edge. Find the greatest weight that 
can be attached to its end without making the bar topple 
over. { I. Se. 1938 Math.] 

15. Arope hangs down a smooth pulley anda man 
weighing 60 kgm. slides down the portion of the rope on 
one side of the pulley with a uniform acceleration of 
140 cm. / sec®. Find with what uniform acceleration a 
man weighing 50kgm. must slide down ( or pull himself 
up along ) the other portion of the rope so that the rope 
may remain at rest. (g = 980cm./sec’.) [I. Sc. 1921 } 


16. A diver releases a bubble ofair the vo'ume of 
which gets doubled on reaching the surface. Find the 
depth of the diver. The barometer reads 76 cm. of 
mercury at the time. 


17, In an air pump the volume of the receiver is 4-485 
times the volume of the barre). How many strokes are 
necessary to reduce the pressure in the receiver to dth of 
the original pressure ? LI. Se. 1939} 

Heat 


18. The volume of a thermometer bulb is 0-80 ec, 
and is filled with mercury. Ifthe mercury rises in the 
stem at the rate vf 1 mm. per °C rise in temperature, 
determine the cross-section of the stem. 

19. A pieceof glass which weighs 90 gm, in air is 
found to weigh 49-6 gm. ina certain liquid at 12°C. At 
97°C its apparent weight in the same liquid is 51-9 gm. 
If the coefficient of cubical expansion of glass is 0-000024, 
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find the coefficient of absolute expansion of the liquid. 
. : [I. Sc. 1984] 
20. Air is pumped in an automobile tyre under a 
gauge-pressure of 35 lb/sq. in at 27°C. After a trip inthe 
hotsun, the temperature was found to be 57°C. Find the 
total pressure exerted by the confined air when hot. 


21, The pressure in a constant volume gas thermo- 
meter immersed in melting ice is60 cm, and when 
immersed in boiling water itis 80cm, The thermometer 
is now placed in another liquid whcih is boiling and the 
pressure recorded is 90 cm. Find the boiling point of the 
liquid. { I. Se. 1939 ] 

Hint: Determine q from the first two readings. 
Hence using this g find the temperature required or 
solve graphically. 

22. An air-tight bladder-holding 2 litres of air at 
N.T.P. is immersed in sea-water toa depth of 13-6m. 

’ where the temperature is 4°C. What is the volume of the 
gas in the bladder at the depth ? Sp. gr. of sea-water (1-02: 

23. A man requires to breathe the same mass of air 
per minute at the top of a mountain as at the foot. The 
respective pressures and temperatures are 75 cm, and 27°C, 
at the foot and 50 cm. and 7°C. at the top. If he always 
fills his lungs to the same extent, how many times will he 
breathe per minute at the top? He requires to breathe 20 
times per minute at the foot. 

24. Agasring burning 30 cu. ft. of gas per hour is 
used to heat water. If the calorific power of the gas is 500 
B. Th. U. per cubic foot and 60 per cent of the heat gets 
to the water, how long will it take (a) to raise the 
temperature of 5 points of water from 62°F to the boiling 
point, (b) for the kettle to boil dry after the boiling 


13— H.F.Y.P. 
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commences ? (Pint of watcr weighs 20 ozs. Latent 
heat of vaporisation of water is £72 B. Th. U. per Ib, ) 

[ I.Sc. 1934] 

25. The specific heat of ice is 0:5. What quantity of 

heat will be required to change 10+2 gm. of ice at — 76°C, 

to water at 14°C, ? [1.Se, 1934 ] 


26. Alump of ice at a temperature of ~20°C, was 
dropped in a calorimeter of thermal capacity 5 calories 
containing 95 gm. of water at 34:7°C, The final temper- 
ature was found to be 9-7°C. and the weight of the water 
120 gm. Compute the specific heat of ice. 


27. 5 gm. of steam at 100°C. are introduced in a vessel 
containing a mixture of 216gm. of water and 10 gm. of 
ice in thermal equilibrium. At the end, the temperature 
of the vesse) and its contents is 10°C. Whatis the water 
equivalent of the vesse] if the latent heat of steam is 540 
calories and that of ice 80 calories ? [ I.Se. 1938 ] 


28. Steam at 10°C. passes into a radiator ina room 
containing 100kg. ofairat 10°C, and the water resulting 
from the condensation of the steam leaves the radiator at 
a temperature of 36°C, How many grams of steam are 
used in warming the air in the room to 25°C. ? The specific 
heat of air is 0-24 and the latent heat of steam 536 cal./gm. 


29, A calorimeter of thermal capacity 10 calories con- 
tains 390 gm, of a liquid (sp. ht. 0-47) at 26°C. and is 
heated by a bunsen burner at a constant rate. The liquid 
attains its boiling point ; 156 C.)in 5 min. How long will 
it take to cvaporate the whee ch the Vquid ? Latent beat 
of vaporisation of the liquid is 69 calories per gm, 

30. 100 gm. of steam at 200 C. are passed intoa calori- 
meter containing 400 gm, cf weter and 400 gm, of ice at 


a 
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0°C. What should be the final temperature of the mixture? 
Water-equivalent of the calorimeter is 17 gm. The specific 
heat and the latent heat of steam are respectively 0-467 
and 540 calories per gm. 


31, A mass of air is at a temperature of 100°C, Its 
dew point is 48°C. If ths saturation pressure of aqueous’ 
vapousr at 48°C is 8-35 cm., find the relative humidity of 
the air. { 1.8c. 1939 ] 


32. Calculate the difference in temperature between 
the two sides of an iron plate 2cm. thick when heat is 
transmitted at the rate of 600 kg. calories per sq. metre 
per minute. ( The thermal conductivity of iron 0:2 ). 

[ I.Se. 1937 ] 
Light 

33. Calculate the diameter of the rea) image of the 
moon formed by the telescope objcetive of focal length 
60 ft. Distance of the moon from the earth is 240000 
miles and its diameter 2000 miles. 


34. Water ina beaker is 8cm.deep, A pin is moved 
vertically upwards above the surface of the water till its 
image in the water appeared to coincide witha minute 
piece of a metal lying at the bottom just below, The 
distance of the pin above the surface of water is found to 
be 6cm, Determine the refractive index of water. 

35. A fish, 12 in. in length, is swimming directly 
towards the plane glass-front of an aquarium. How long 
will it appear to a person jovking through the glass at the 
moment, when it is 2{t.awayfrom it? (ff = 4). 

36. An observer looks vertically down a pool of still 
water 5 ft, deep. His eyeis 5 ft. above the surface. He 
obacrves the image of his eye and also the image of a 
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stone lying at the bottom just below. What are the 
positions of the images, the refractive index of water 
being 4? Also draw a neat diagram. { I.Se, 1932 ] 


37. A short-sighted person wishes to see a design at 
the bottom of a narrow glass jar. He gradually adds 
water to the jar and Jooks at the design with his eye at 
the mouth cf the jar. When the water rises to 8 cm, in 
the jar he sees distinctly the design as well as the image 
of his eye in water. Ifthe refrative index of water is 4, 
find (a) the height of th jar, (6) the distance of distinct 
vision of the person. [ 1.Se, 1930 ] 


38. A horizontal pencil of sodium light is trans 
mitted through an aperture ina vertical screen and is 
allowed to fall normally on the;vertical face of a right- 
angled prism. The angle of the prism ig 30° and the 
refractive index is 1-54. Calculate the deviation of 
the ray. [ B.A, 1931 ] 


39. ABC is a prism with refractive index 1.5. The 
angle A isa right angle and B is an agnle of 60°. A ray 
is incident normally on the face AB. Trace the path of 
the ray until it emerges from the prism and find the 
deviation produced ( Sin 48° 40’ = 0-75.) [ 1.Se. 1927 ] 


40. It is required to throw an image magnified 29 
times on a screen placed at a distance of 6 metres from 
the object. Find the focal length and the nature of the 
lens required, [ L.Se. 1939 J 


41. Find the position aud nature of the image of an 
object kept ata distance of 12cm, froma convex lensa 
focal length 8 cm. 

By how much distance will the image be shifted if a 

Toeeeiles plate of glass 10 cm, thick is interposed (1) 


~ 
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between the image and the lens, (2) between the object 
and the lens? (» for glass = 1-5 ). 

Hint: In (1) apparent thickness of the plate is {.2em, 
hence the reduction in v by (10-4.2 = )42 cm., while in 
(2), w gets reduced to ( 12-—3°3) cm. and the consequent 
increase in v. 


42. A beam of light converges to a point P. A 
convex lens of focal length 20cm. is interposed so as to 
intercept the converging pencil of rays. Ifthe distance 
of the lens from P is 30cm., find the distance of a point 
from the lens where the rays meet. What would be the 
effect of replacing the convex lens by a concave one of 
30 cm. focal length and of the same material ? 


43, An optician prescribes lenses of -4 dioptres to a 
person forreading a book comfortably when held at a 
distance of 30 cm. from theeye. (1) State the nature of 
the defect. (2) Find the distance of the near point when 
not wearing the spectacles, 


44, The near and far points of a man who has lost the 
power of accommodation of his eyes are 75 cm, and 300cm, 
respectively, What kind of spectacles will you prescribe 
to enable him to see comfortably, (a) a country side, 
(b) a book held ata distance of 25cm. from the eye 4 
How will you combine these lenses in one ? 


45. Iwo electric lights are kept.2-5m. apart. If 
their candle-powers are in the ratio of 9:4, where must 
agrease spot be placed between them so that it cannot 
be seen ? 


46. Inan experiment with a Rumford’s photometer, 
a lamp with a dirty chimney, when placed at a distance of 
10 cm. from the screen balanced a candle. On cleaning 
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the chimney, the lamp had to be moved away from the 
screen by 2 cm. to balance the same candle which was not 
moved during the experiment. Calculate the percentage 
of light which was being absorbed by the dirty chminey. 


Magnetism‘ 


47. Find the distance of the neutral points from the 
ceutre of asmall bar magnet of moment 200 pole-cms- 
when placed ina field of 0-2 gauss (a) with its south-pole 
pointing North (6) north-pole pointing South. 

48. A magnet of pole-strength 150 units and the 
magnetic length 20cm. is laid on a table along the 
magnetic meridian with its S-pole pointing towards the 
North. Find the resultant magnetic field at a point 20 cm. 
north of the magnet from its centre. (H=2). 


49. A small magnet is placed in the magnetic 
meridian with its south-pole pointing north and on the 
prolongation of its axis at a distance of 20 cm. from its 
mid point, a small compags-needle is placed. When the 
magnet is rotated through 80° about the pivot of the 
needle, the needle is found to have kept itself at right 
angles to the axis of the magnet, Calculate the magnetic 
moment of the magnet, if H=0-2 c.g.s. units. [I.Sc. 1931 ] 

50. Two small ‘magnets C and D have moments of 
500 and 600 units respectively. The centre of C is 


siguated on the perpendicular bisector of D at a distance 
of 50cm. from the centre of D. Find the maximum 
value of the couple on C due to D. [ I. Se. 1939 ] 


51. Two magnets A and B are placed with their axes . 
at right augle to each other and their middle points 
coincident. Compare the magnetic moments of these 
two maguets, if the magnetic field on the axis of A and at 
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a distance from the migasts isatan angle of 45° to the 
axial line. 

52. Asmall bar magnet kept ata distance of 33 em, 
from the needle of a tangent magnetometer in the end-on 
position caused the needleto deflect by 34°, while on 
replacing this magnet by another a deflection of 52° was 
obtained. Compare the moments of the two, 


Static Electricity 


53. Two small spherical pith balls weighing 180 mg. 
each were suspended from the same point by threads 
1380cem. long. Some electrostatic charge was imparted 
to them when they were in contact. On getting charged, 
they were found to repel each other to a distance of 
100.cm. Find the charge on each. 


54, Find the charge in a amall body if its weight 
appears to increase by 0-02gm. wt. when it is placed 
10 cm. vertically over another small body carrying a 
charge of 100 e. st. units. 


55- A 10 mg. pith bal] carrying a charge of 8 micro- 
coulombs, is placed in an electric field of 10 dynes per 
coulomb, Determine its initial acceleration under the 
effect of the field. ; 

56. A pith ball of mass 10mg. ischarged with 4E.8.U, 
and iskept50 cm. just directiy above a charge of -5 
E.S.U. Find the total force acting on the ball, What will 
be its initial resultant acceleration downwards 4 

57. If 4 joules of work are spent in moveing a charge 
of 20 E.S.U. from infinity toacertain point, find the 
increase in the potential of the point. 

58. Two conducting spheres of raddil 50 and 10 cm, 
respectively are joincd by along thin conducting wire 
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and a total charge of 1200 units of positive electricity is 
imparted to one of them. Find the surface density 
on each sphere, 


59. Two spherical conductors have equal charges, but 
volume of one is twice that of the other. If connected by 
means of athin and metallic wire, willa current pass 
through it and from which conductor to which? Find 
the final charge on each conductor. [ I Sc. 1938 ] 


60. An insulated spherical conductor A is charged to 
a potential of 10 e¢. st, uw. and the electric field near its 
surface is then 0-1 e.stu. A is then connected to another 
uncharged spherical conductor, B placed at a distance. 
As aresult the electric field near A falls to 2th of its 
original value. Calculate (1) radiiof Aand B, (2) and 
charge which flows from Ato B, (3) the final potential 
of Aand B. [ I.Se, 1939 ] 


61. Find the force acting on a particle having a mags 
of 9x 10-?8 gm. and carrying a charge of 1-9x 10~*° ¢. st. u- 
while it is passing in vacuum between two plates 5 mm, 
apart, the P.D, between the plates being 100 e. st.w. 


62. A leyden jar has a diameter of 20cm. and is 
made of glass 2-5 mm., in thickness. If the height of the 
cylindrical coating is 20 cm., find its capacity (8.1. C. of 
glass is 6), 


63. If the potential of a sphere is raised from 10 to 15 
units by the addition of 100 units ofa ohOrBe, find the 
radius of the sphere. 


1. Fundamental 

units:—— 4, M. L. T. 
gm., ft., cm. (ii) 0 0 0 

Derived units :— (iti) 1 1-1 
pdl., erg., watt. (iv) 0 0-1 
hr, ft.-lb., H. p. (v) Ll -30 

2. Absolute units:— (vi) 1 1-1 
ergy, dyne-cm., 
Poundal, watt. 5, (i) L 1-2 
Gravitional (ii) 1 2-8 
units:—pound, (iii) 1 0-2 
H.P., g-cm.,ft-lb. (iv) 0 3 0 

3. Scalar:— (v) 0 0 0 
volume density 6. (i) 0 1-2 
work, speed, (ii) 1-1-2 
mass, potential, (iii) J-1-2 
Vectors:— force (iv) 1 1-2 
surface tension, 8. 742 watts 
acceleration, 12, ne A/T/ML 31. 
wt. momentum. 13. 0-0] cm. 

PROPERTIES OF MATTER 

2. 8:43 g./cc. 3. 

(a) 646-8 gm. (6) 950-4 gm. 8. 22-025 gm. 

11. O-OOLISI g/ec, 12. 0-318. 
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Units and Measurements 


30. 


0:05 mm.. 
40M =25V 
24M =25V 
59M —60V . 
1 minute. 
0-0L1° 
0 312 in. 
0-002 in. 
29-928 in, 
3°78 cm. 
1-05 cm. 


. +0-05 4mm 


2-23 mm. 
3:60 mm. 
66-69 cm. 
21°396:cm. 
13-68. 

0-25 mm. 

(a) 1% 

(5) 2% 


2cc. 4. 225000 gallons. 6. 6 cm.7. 
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10. 2 mm. 


14. 11-28 g./cec. 15. 2-68 
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17. 2:1 18, 0-869 19.1 ¢ Jeo, 29, 1-16 g/ec. 21. 10-36 
g.foe. 22. 17-32 g 00. 24. Zine 23-22% Copper 
76-78% 25. One here. 26. OL sm. Water 37-dym. 
23. (ij L-1023lb, wt./.in®. 77-52. g. wt.cm.? 29. (i) 480 
g.wt. (ii) 23520 dynes./em.* 30. 12-6 wt /em.? 31. 143 g.wt. 
em.~? 32. 2067-2 om, 33. 31-25 lb.wt./sq. in. 35 28.8 ft, 
37. 20 g.wt. ou the upper surface., 40.g. wt. on the Jower 
& 30 g. wt. on the side face, 39 210° g. wt. 41. 105 tb. 
43, 0:97 g.cm.~* 44. 0-87 45. 1-066 46.0-9 47, 1.25 
g.cm.~? 48. 300 lb. wt. 49. 100: 1- 50. 3960 lb. 51. one 
em. 0-5 ton. 53, 28-8 lb. wt. wt. 727-3 ton, 54, 0-8 ton. 
wt. 1-0 ton. wt. 600 strokes, 55, 50g. wt. 56. 3g. wt. 
57,(1)10 gm. (2)8gm. 58. 2-50, 0-87 60. 8-42, 0-88 
61, 11-2, 0-8, 0-83, 1-04. 62. 0-91, 1-26 64. 2-466>-67,0:26. 
68. 17.41 cm. 69. 7-9 gm. wt, 70. 847-4 tons, 72. (1) 2137 
g. wt. (2),4945g wt. 73, 2844 ft./sec®.1 sec. 75, 
11-05 cc. 76. i9 cc. 77. 0-675 gm. 78. 8 g.cm.7? 79. 
0-9 80. 0-7, 0-875 81. 0-07 cu.m. 82. 12500 lb. 
83. 14 ft, 64000 lb. 84. 0-525 of volume. 86. 1:02 
87. 7Tom.cube. 90. 0-857 91. 1-166. 92. 3.75 cm: 
93.0-92 94. 1:26. 95.1-176 97. 0.91 gom.* 99, 
8011 metres. 100. 53312 dynes-cm.~? 101. 14) cm. 
of mercury. 102. 12 ft. 105, 16,66 lb. wt., in“? 107, 
357°5 ky. wt, 108. 2000 cu.m. 109. 55408 kg. wt.111- 
1.8 atomspheres. 112. 39270 cc. 113. 12.5 lb.wié. in-* 115. 
30 inches 116. 73-48 cm. 117. 70 cm.of mercury, 
120.12 strockes. 121, 28-77 m. 123. 1-0624 g. cm.-? 
125. 2-5 original density.127. 6:1. 128. 14-47 in. 
129. 35:97 cm. 130. 30-6 ft. 34 ft. 


MECHANICS 
1. 27-3 mishr. 2.45 mi/he. 3, 45 mi/br. 4, 500 ft./min. 
5. 33°42’ to the north of west. 18-01 mi./hr. 6. 75-47 mi.jhr. 
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7. lfurolng downstr:am. 8. 21-21 mi./hr.each. 10, 6-01 ft 
11. 76-21 ft./sec, 12. 10°18’ with the direction of the train. 
14, 3-6 ft./sec.?. 15. 6 sec. 17. 45 mi-/hr, 19, 2:2 ft,/sec.-*. 
15 ml./hr, 330 ft. 20. 242 ft. 21. 2800 cm, 23. 2 ft /sce? 
10 ft, /sec: 25. 32 ft. sec.-?. 26. 144 ft. 27. 120 times. /min, 
28. 48 ft.above the ground; 48 {t. 29. , 4, sec. 31. 500 ft./sec. 
33. 1440 ft. 34. 16 ft. per sec, 36. (1) 528 ft. inadvance; 
4 sec. earlier. (2) 792 ft. in advance 6 sec, earlier. 
37. 594 ft. 38. Path is parabola 58sec. Horizontal, 
distance of 400 ft. Vertically downwards, 40, 497-9 {t./sec. 
41.160 ft.s<c. 400 ft, 43. 111-8 ft. 2-236 sec.,3-15 sec. 44, 256 
ft./sec. 45, Horizontal,443-4 ft. 46. 20000ft. 47, 128-5 ft. /aec, 
85°6’ to the horizontal, 48. 20 lb. ft: /sec. 50. 216 gm.cm. sec. 
51. 54 {t /sec. 2028 pdJs. 52. 2:5 ton wt. 53. 2:7 lb. wt. 
54. 2500 pdls. 55. 200 cm./sec. 18x 10° dynes. 56. 99 sec. 
57, 35 gm. 59. 3 ton, wt. 60. 0-32 ft: sec.-*, 19.2 ft./sec, 
61. 5625000 dynes. 62. 257-1 ft. 63. 12320 Ib. wt. 
64. 49 kg. 66. 2sec. 67. 2860 ft. 68. 4 ft.sec.~*, 32 ft. 
69. 500 ft., 100 ft./sec. 70. 2-58ec. 72. 76-8 pdls, 25-6 it., 
74. 10 }b, 12 1b, 320 pdls. 360 pdls. 76. 302, 77. 122g. 
120100 dynes. 78. 62 kg. Rope will move with acc. of 
14. cm. sec.”. 79. 70 cm.jsec. 80. 38sec, 82. 500 m./sec. 
83. 12 ft/sec. 84. 2 ft./sec., 4 ft-/sec. 85. 2 ton wt, 
75 \b. wt. 86. 150 }b. wt. 87. 90 lb. wt. 88. 8 ft./sec,?, 
900 ft. 89. 125 1b. 91. 6-08 ft./sec.2. Elevator descends. 
92. 18 lb.wt. 94. 10 lb.wt. 96. 216-5 lb. wt, 125 Ib. wt. 
97, 15 b.wt. 99. 0-6 ton.wt. 100. 20 lb.wt. 101. 10 lb. wt, 
11-55 Ib.wt. 102, 21-21/cosf. 103. 10 Ibwt. 104. 104-4 lb. 
105. 30-02 lb. wt. 106. 800 kg. wt. 692-8 kg. wt. 
167, 29-06 lb, wt. 108. 1-41541b. wt. 111. 70 ib. each. 
112, 150 Ib wt. at B., 450 Ib wt. at A. 113. 4 ton wt. 45. 
3-5 ton wt. 114, 25in.from C. 115. 4-72 ft. from the man- 
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116. 0-440 lb. wi. 4.8 ft. 117. 200lbwt, 118. 60 lb. wt. 
1920 pdl. ft. 119, 30)b. wt. 120, 81]b. wt., 48 Ib. wt. 
121. 9600 ib. wt. 122. 6 ft. 123, 37° nearly, 125. 50]b. 
126. 16 gm, 129. 0-15. 130. 448 lb. wt, 131. 20 lb.wt. 
132, 36 lb.wt. 2-90 lb. wt. 133. 34:64, 0-3464. 134. 0-295 W. 
136 4H.P. 137. 0:14 H.P. 138. 440 lb.wt. 139. 10° dynes. 
140. 400 H. P. 142. 3750 ft. lb. 0.682 H. P, 
143, 2-413 10'' ft. lb. 144. 2000 H.P. 145. 1-419x 108 
ft. lbs. 429-8 H.P. 147, 240 joules. 148. 2000 ft. pdis., 
2500 ft. 149. 342 ft./sec, 1820 ft.171 Ib.ft, /eec.29241 ft.pdls. 
151. 5133-3 tb.wt. 152. 300 poundals. 153. 625 x 10° dyn. 
154, 12:5x10° dyn, 156. 24f%. lbs. 157. 96-04 joules 
1.96 joules. 159, 12 ft., -4. 160. 98 x 10* dynes. 
161. 125 lb. wt. 162. 280 Ib.wt, 164. 2 oz.wt. 165. 20 Ib. 
166. 150 1b.,5. 168. 10 ft, 169. 41-66 Ib. wt. 38-46 Ib. wt. 
171. 1-2 in. 173. Loss of about 2 As. 


LIGHT 


1. 8 min. 20 sec, 2. 5-952x10' mi. 3, 8-865 years. 
5. 125 ft, 6. 6 ft. 9. 36 candles 9a. 27 cm. to help 
10 c.p. lamp, 11. 25: 32. 12. (a) 2-8, 3-5 ft., in between: 
14-5, 20.5 ft. one side, 14. 54:625. 15. Take the lamp 
nearer by S:l com. 17, 17 lamps. 18. 355:7ep. 19. 2 ft. 
20. 100 sec. 21. 6 ft. 22. 55°. 24. 22-5° 21:5’. 
27. 15 in. in front of ; 5inches. 29. 25’, 15’; in front of 
the mirror. 30. 8” x 6", inverted, real .magnified 
image. 32. Virtual, 11,3, cm. behind the mirror, ,°% cm. 
32a. 8om. 62 cm. 34cm. 33. 5:55cm. 34. 9-23 cm, 
35. 5 cm. behind the convex surface. Image is inverted 
and virtual. 36. 1-3. 38. 35-25’ 39. 42°50’. 40. 15° nearly. 
42. 2in. 43. 1.5. 44. 1-525. 45, 7-5 com, The centre of 
the circle to lie on a vertical through the lamp. 46. 3 cm. 


ANSWERS 205 


47. 0:38 in. 48. 1-414, 49. 99°38’. 50, 26°24’, 51. 54°42’, 
52. 1-654, 37°15’. 53. 1-532. 55. 32-4’, 100’. 58. 2-25 cm. 
from the surface to which it is nearest. 59, 2-5 cm. from 
the surface. 61. 2°87in. 62. 15-58cm. 64. 7-5 em. 
65. 16 in. “67. 12-5 cm. 68. (i) 36-66 cm. from the side 
of the object (ii) real erect (ili) 6-0 inches. 69. 10cm, 
70, 15S8em. 71. 1-33. 72. 1542 cm. 73. 10cm. 
73a. 115-4cem, 74. concave lens 60cm. 75. 12cm, 
behind the lens, 6cm. 76. 10cm 77. 90cm. 78. (i) 22-1 cm. 
behind the lens. (ii) 11-4 em. infront of the lens. 79.20 om. 
80. 15cm. 81. 200 cm. convex. 83. 200 cm. concave: 
85. -65 cm, convex. 86, 4 dioptres. 87. 15 in. concave. 
88. Concave, 111 ft. 89. 10 ft. 91. 3-5. 92. 6. 93. 4-75, 
6-3lcm. 93a. (a) 3, (b) 2. 95. 10 ft. 97. (a) 15, (6) 17. 
98. (a) 12, (b) 12-63. 99. 1-62in. 102. (i) 5, {ii) 5-102 
Image is at infinity. 


HEAT 


2. 41° F, -4°F, -459.4°F. 3. 233°4, 93°4, 506°A 
318°A, 4. —273°C, 27°O,. - 10°C, 100°C. 5. ~0-45°F, 
6. 0-05°C. 7. 0-104°C. 9. -~ 22°C, 312°C. 11. 20°C. 
12. 16-7x 10-8. 13. 6:97x1075. 15. 100-6 cm. 100-95 em. 
16. 114°C. 17. 394°C. 18. 0-0264 in. 20. 76-0228 in, 
21. 30-023 in. 22. 757-6°C. 24. 7-035 cm. 26. 200-304 sq.cm. 
26a, 6-00264 sq.ft. 27. 500-33 cc. 28. 2-4 ce, 29. 8-886 g/cc. 
31.057 gm. 32.9em. 33, 1:328 ec. 35. 195-050, 
36. 98-96°C. 38. 60-352 cm. 39. 18:33x10-5, 40. 24c¢ 
41, 18:18x 107%. 42, 8-25 x10-*, 44, 8-7x 107°. 47, 57°C, 
48. 61-9°C, 50. 0.00356. 52. 731-7.cc. 54. 30°C fall, 
55. llitre. 57. 174°C. 59, 286-4 kgm. 60. Vol, decrease 
of 230 cc. 61. 562-5 mm. 62. 9483°C. 63. 76:81, 
65. 1-986 cal./gm. mol-1°C. 68. 0:0992 cal, 70. 40°C. 
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71. 15420. 72. 79-9 cal./gm. 74. 240°C. 75. 36-32 
calories. 76. 10-1610’ cals. 77. 43-6°C. 78a- 20 gm. 
48-7 gm. 79. 140 cals. 80. 71-4g. 81. 0-11. 84. 3660 
calories. 85. 537 kg. 86. 2106 g, 88. 61:47 ce, 
89, 00149 gm, 91. 34-48%. 92. 41.2%.° 93. 26 cc. 
increase, 94, 3-4x10* cc. 95. 360 kg. 96. 2.2806 g, 


SOUND 


2. 2296 ft. 3: 2296 ft. 4, 5mi-from A. 5, 7141 ft. 
6. 16320 ft./ sce. 4896 ft, 7. add 33sec. [8. 746.6 ft 
9. 3-122 sec. 21. 4:5ft. 12. 330. 13. 56 ft. 14. 80 
metres 16, 256. 18. 20 persec. 20. 21-6 cm, 21.50 
rev./3 sec. 23, 400 vib/sec, 24, 348.2 m/sec. 
25. Diam = 24cm. 342 m./sec. 27. 540-6, 29. increase 
by 1/382. 30. shorterJ/51- 31, 105-3 cm. 


MAGNETISM 


1, 20 dynes, 2. 25, -25 units, 3, 05 dynes, 
4, attractive force of One dyne, 6. 4cm. 1-78 dynes 
8S units. 7, 784 units 8. 23-3 dynes, 11. 18 dynes, 
12. 800 units. 13. 0-125 gauss. 15. 675 uits, 16. 0-13 gauss. 
18, 0-1431 gauss. 19. 0.035 or 0-19, 0-0312 dynes. 
19a. M,:M, =9:7, 20. 0-01 gauss. £22. 0-5 gauss, 
23. 123 dyne-cm. 24.1:2, 26. 14-64Jergs. 28. 150°. 
29. 1:2. 31. 4995 pole.cm. 32. 462 pole, cm. 260 
pole. cm. 34- 466-5 pole. cm, 35. 41:5 cm. 2766 pole. cm. 
36. 27:64. 37.1:2. 38. 3:5. 39. 2:3, 


STATIC ELECTRICITY 
2. Sdynes’unit charve. 3. /,3, dynes per charge 
along the bisector of 2 BAC. 4. 5-38 dynes. 5. 11-64 dynes 
along DB. 8. 99E.S.U. 9. 196E,S8.U. 11. 29400 
dynes. 12. 5 increase by 26.;/° 15. 64-6 units. 16, 8 
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units.17. 150 units. 18, -— 1625 ergs. 19. 4:77 107'° 
E. 8. U. 20. 14 units. 3.32ergs. 21. 10-29, 10° cm. 
per sec, 23. 10cm. 25. 40 units. 26, 33-33, 16-66 
E.S.U. 3-33units 27. 10 units. 100, 25. BE. 8. U. 8-33 
units. 28. 2-5em. 30. 6:1 32. 2mm. 33.0.2mm. 35.8.0. 
36, 462. cm. 37: 10¢dynes. 5000/7 cm.4;dynes. 12500/z 
cm, 39, 1-09 cm. 40. 400. cm. 41. 2400, 400-800, 
1200 E.8.U. 42. 100K. 8. U. 100 ES.U. 200 ESU. 


CURRENT ELECTRICITY 

2. 5-508x10* dynes. 3. 3-dynes. 4. 0.7 oersted, 
5. 200ergs. 7. 18 dynes. cm. 8. 6928dynes.cm 9% 
75¢ dynescm. 11. 18-09 dynes cm. 12. 366 ergs.” 
14, 25amps. 16. 0-48 gauss. 17. 10 amps. 18. 3-142 
cm, 19, 49 turns. 21. S5amps. 22.(a) 1.839 gauss: 
(6) 1-609 gauss. 23. (a) 1-303 gauss. (6) zero, 
24a. n =: 3.266; 1-626; 2-708; 0.8166 N keeps north. 
25. (i) 02122 gauss. (ii) One second. 26. 0.003 
e.g.8 27. 5-774 amps. 29. 120 coulombs. 30. 0-l¢ 
guuss. 32. (a) 27 gauss. (6) 0-5774 to 2.7475 amps. 
33. 0-358 gauss. 45°, 34, 0.625 amps. 36. 0-1, gauss. 
38. 0:25 amps. 38a. 0-1 amp. 40. 220 ohms. 41. 
1.25 amps, 42. 4, ampere. 43a. 344 ohmps. 44. 1 volt. 
45, 73°33 v. 146-66 v. 46. 0-7333 amp. 46a. J=42 amp. 
I, = 4%; amp. I, = #; amp. 47. I-l5o0hms. 3-I] ohms. 
48. 55 volts. 49. 2%,,1 7, $2 amps. 51. 20-5 ohms. 53. 
2ohms 54.4 ohms. 56. 0-018 ohms. 57. 8 ohms. 2 ohms, 
60. 255-6 volts 61. 556 ¥. 555v. 62.0-5774:1. 65.04 
volts. 66. 13 ohms, 67. 50 ohms. 68. 6 ohms. 
69, 20 vhms. 


MISCELLANEOUS EXAMPLES 
1. 12° tothe south ofeast. 169 mi.vhr. 2, 52°. 
3.4 ft, lsec. 4. 372-7 ft/sec?. 5. 70. pds. 32 ft. per sec’, 
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6. (a) 20 lb.wt, (b) 20-62 Ib. wt. 7. 185 lb. wt. verti- 
cally upwards. 8. 480cm, 9, 4410 m. 30 sec. 23520 m. 
10. 14°2'. 11. 98dynes. 12. 354 em./sec. 13. 1-73 
lb. wt, 3-46 lb. wt, ‘14. 85 lb. wt. 15. The man pulls 
himself up with an acc. of 28cm. /sec® 16. 1034 cm. 
17. 8strokes 18. 0-0012sq.cm. 19. 0.0005706. 20, 
55 tb/in?, 21.150°C. 22. 866 cc. 23- 28 per minute, 
24. 6:25 min., 40-5 min. 25. 997-2 cals 26- 0-515 
27. 9gm. 28. 600 gm. 29. 5-35 min, 30. 40°C 
31. 11,/° 32.10°C 33, 0-5 ft. 34.4/3 35. 9 ine 36. Sft, 
3-75 ft. 37, l4com., 12cm. 38. 20°35’. 39. 41°20’ 
40. - 19-35 cm., convex lens. 41. 24 cm., Image wil be 
(1) nearer by 34 cm. (2) farther by 80cm. 42. 12cm. 
at infinity. 43. short sight, 13,7 cm. concave lens. 
44. (a) Concave f=300 cm, (6) convex, f=374cm. 45. 
150 cm. from stronger one. 46. 30-56%. 47. 12-6 cm, 10 
em. 48. 2 units towards. S pole. 49, 692-8 pole-cm: 50. 
2-4 dynescm. 51. M,: Mg=l:2 52.527: 1000 53. 857.4 
54. 19-6 e, st.u. 55.1x 107% cm. / sec.? 56. 9-808 dynes 
980-8 cm. /sec?. 57. 2x10*% units 58. 0-0318 and 0.159 
percm.’ 59. From smaller to larger one, 0-563 of the 
total Qonlarger one, 0-437 of Q onsmaller one, 60. 
A=100 cm. B=33-3 cm. 250 units flow to B; V — 7-5, 
61. 3.2.107'§ dynes. 62. 3000 cm. 63- 20 cm. 


‘FUNCTIONS OF ANGLES AT 3° INTERVALS. 


Radians.| Chords. 


Sine. 


o ° 
1 O175 | O17 | 0875 
2 Hl 0349 } 035 | -0349 
8 0524 | 052 | -0§23 
4 || 0698 | -070 | -0598 
6 | 0873 | 087 | -0872 
6 |] -r047 | 105 | 1045 
7 |i 1222 | -r22 {-1249 
& | -1398 | -139 |-1392 
@ of urg7r | +157 | 1554 
W74 11736 
+192 | +3908 
+209 {2079 
| 226 | -2250 
244 | 2419 
261 | -2583 
278 | 2756 
2G6 | 2924 


313, | -J090 
330 | 3256 


Tangent. | Cotangent. 


ao 
57:2900 
28-6363 
19-0811 
14-3007 


11-430 


8-1443 
7154 
6-3138 
56713 
51446 
4°7046 
43315 
40108 
37321 
34874 
3-2709 
30777 
2-9042 
27475 
26051 
24751 
23559 
22460 
21445 
20503 
19626 
18807 
13-8040 
1-7321 

1-6643 
1-6003 
31-5399 
1-4826 
1-4281 

£3764 

1:3270 
L2799 
41-2549 
1-1918 

T1504 

1-1106 
13-0724 

10355 
1T-0000, 


t 
j Tangent. 


209 


95144 |: 


7431 
7314 
7193 
7971 


Sine. 


Chords. 


1-5708 
15533 
1-5359 |j 88 
31-5184 || 87 
1-soro || 86 
1-4835 || 85 
1-4661 84 
1-4486 {| 83 
1-4312 || 82 
1-4137 | 81 
1.3963 || 80 
1-3788 || 78 
1-3614 78 
1-3439 || 77 
13265 |} 76 
t-3090 || 75 
1-2915 74 
1:2741 18 
1-2566 || 72 
1-2392 || 71 
1-2217 || TO 
1-20, 33) 
1808 . 
1-1694 
131519 |} 66 
1-1345 || 65 
rerio || Ba 
1-0996 || 63 
Lo82r || 62 
10647 || 61 
10472 || 60 
$0297 59 
10123 |} 68 
9948 || 5” 
9774 || 56 
“9599 || 55 
9425 || 54 
9250 |+ 58 
+9076 |} 52 
8901 61 
-8727 || 50 
8552 || 49 
8378 || 48 
8203 || 47 
So2g || 48 
‘7854 || 45 


i Radians.}| Angle. 
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2355 


7 | 2603 
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3054): 
3263 
3464} | 
6 
i 
4014 
4183 4232/4249 4 
4346.43 439314409 
4502 4548 14564 
4654 46981 4713 
4800 484314857 
4942 
5079 
is21i}s 
5349 
5405 
5587 | 5 
5205 | 5717 | 5720) $249] $752 
5821 $843 | $555) $8065 
5933 
6042 
6149 
6253 | 6263 
516358 |6365 16375 | 6385 | 6305 
6454 6474) 6484 | 6493 
6551 
6646 
6739 
6830 
6920 
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9 
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ise} 


we 
~ 


wp 


327418280 
S3yo {3344 
Syort $407 
$4531 8370 
$5251N5 31 
3595) 8591 
jSoa5 {S051 
$1 870418710 


S820; 8825 
513871. 3876 | S882 
$927'3932(8938 
61 8982'Sg57 8993 
9036) 0042 | GOo47 
9090! 9096 Oral 
91A3 9149) BES3 
9196 19201 9206 
9248} 9253; 9258 
9299! 93041 9309 


9352, 9555/9360 
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